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ABSTRACT 
Key words: Sufri date, overflow, underflow, reducing sugars, physical 
and enzymic treatments 
The Sufri variety of date is widely cultivated in Saudi Arabia, where 
it 'produced large quantities of dates. The high quality dates are 
consumed fresh, dried or preserved, the surplus and second quality dates 
may be damaged by improper harvesting, handling, transporting and 
processing. The Sufri variety of date is one of moderate quality and 
there is a surplus in local markets for processing into overflows to be 
used as "a base" for the food industry. The present work was conducted 
to increase soluble solids, including sugars, in the overflows and to 
maintain the quality of the underflows; chemical analysis of both the 
overflows and the underflows revealed that Sufri date contains proteins/ 
amino acids and pectin in small quantities, which can be utilised as by- 
products. Physical treatment involved maceration with different ratios 
(date/water) at mild temperatures (30-60°C) for different times (10- 
30 min). Over this range the increase in soluble solids in the overflow 
was at a minimum but the underflow retained its quality and softening of 
date tissues was achieved. Different extraction ratios indicated that a 
lower ratio produced a low overflow which was turbid, but that the higher 
ratios produced overflows which were dilute. Serial extractions with the 
same ratio in the initial extraction was not practical. In enzymic 
treatment, pectolytic enzymes were incubated with date underflows at 
different concentrations, temperatures for various incubation times. 
Overflows increased significantly over a short time and at low tem- 
peratures (30 min and 30°C) indicating the effectiveness of pectolytic 
enzymes in releasing more of the overflows, and sugars were increased in 
the overflows as an indication of the effect of these enzymes on date cell 
walls. Pure pectolytic enzymes were investigated and it was found that 
specificity was very important for selection of suitable pectolytic 
enzymes. 
It is concluded that the Sufri variety of date is a good source of 
reducing sugars, and its by-products have a promising future. 
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1 
- CHAPTER ONE - 
1.1 INTRODUCTION 
There is a common belief that the date palm, Phoenix dactylifera L. 
is one of the oldest cultivated fruit trees in the world (Ragab, 1975). 
Date palm cultivation, production and trade contributes an 
important part to the national income in the main producing, countries, 
Iraq, Saudi Arabia and North Africa and has supported the living of a 
considerable part of the native population. In addition, the date , fruits 
have long provided a staple food and formed . an " important raw material 
for a number of local industries. 
There are about 400 different varieties in Saudi Arabia. Generally 
the most important varieties of dates cultivated in four main districts of 
Saudi Arabia are the following: 
1. Eastern region 
Khallas, Khuneizi, Ruzeiz and Bukeira. 
2. Central and Gassi m 
Nebut Seif, Sufri, Berhi, Khudri, Sakhi and Sukkari. 
3. Western region 
Anbara, Berni, Holaya, Shalabi, Agwa, Hilwa and Sukkarat 
Yanbu. 
4. Southern region 
Sufri, Cirri and Sukari (Ragab, 1975; ihalifa et al., 1985). 
2 
The annual production of dates in Saudi Arabia is about 406,000 
tons. This number was estimated to reach 500,000 tons in 1986/87 (Anon., 
1984a). This large amount of dates necessitates _, proper harvesting, 
handling, storage, utilisation and processing. 
1.2 DATE PRODUCTION AND CULTIVATION IN SAUDI ARABIA 
Saudi Arabia is considered one of the major growing countries of 
date palms in the world and the Saudi farmer is strongly attached to the 
date palm as part of his heritage. The date crop is considered to be the 
most important in the Kingdom of Saudi Arabia. It is hard to find any 
arable land or ' an oasis without date palms except for the mountainous 
areas. Therefore, the number of date palms in the Kingdom is about nine 
million and the annual yield of these date palms is over 400,000 tons (Al- 
Shaikh, 1983; Anon, 1984a). 
Iraq is one of the main producers of dates in the world with an 
annual production of about 450,000 tons distributed among 450 varieties of 
which only 10 varieties are produced in commercial amounts. The Zahdi 
variety represents 60-70% of the total date production in Iraq (Al Saady 
and Benjamin, 1983). Saudi Arabia has around 350-400 varieties (El Baker, 
1952; Nixon, 1954; Hussein and El-Zeid, 1975; Al Saady and Benjamin, 
1983) and 15 varieties out of this number may have a commercial future. 
The Sufri variety is similar to the Zahdi variety which is considered a 
commercial variety and is used as a raw material for industry in Iraq. 
The Saudi Arabian government extensively supports purchase prices for 
selected farm crops, such as wheat and dates. Each farmer planting one 
date palm will get £9.37/tree (Anon., 1985). There is increased emphasis 
3 
on production in basic foods and the achievement in that respect became 
feasible in the following areas (Table 1.1): 
- egg and fresh milk production doubled 
- production of fresh vegetables increased by 25% 
date production rose by 28% 
- fresh fruit production rose by 36% 
The date producing regions in Saudi Arabia can be roughly divided 
into four main regions. These are the Central and Northern regions, the 
Eastern region, the Western region and the Southern region. Due to the 
vast area of Saudi Arabia the climatic conditions in the various producing 
regions are different and the date cultivars growing in these regions are 
not always the same (Hussein, 1976; Sawaya, 1986). 
Central and Northern regions 
These regions are the most important date producing regions in 
the Kingdom in terms of volume and quality of cultivars. 
The climate is most suitable for date palm cultivation along with 
the availability of relatively acceptable water quality, fertile soil and 
good management (Khalifs et al., 1985; Sawaya, 1986). 
Eastern region 
This region has over 60 date cultivars, 35 cultivars in Hofuf and 
the rest in Qatif. Qatif lies on the coast of the Arabian Gulf and has 
high humidity, a high water table and salinity and therefore does not 
produce dates of superior quality. Most of the date cultivars grown in 
this area do not reach the tamar stage and are usually picked at khalal 
and rutab stages (Sawaya, 1986). 
4 
Table 1.1 Domestic production of basic food items from 1979 to 1983 
(thousand tons) for Saudi Arabia 
Average 
Prod. 1979/80 1980/81 1981/82 1982/83 annual 
growth (%) 
wheat 142.0 187.2 412.1 741.0 73.5 
sorghum 110.3 93.3 79.0 75.2 -11.9 
vegetables 356.8 353.0 406.6 447.3 7.8 
melons 332.0 193.4 361.1 400.0 6.4 
dates 342.3 371.0 420.5 437.7 8.5 
fruit 96.4 101.0 120.7 130.9 10.7 
white meat 40.0 56.0 74.0 136.0 50.4 
red meat 12.5 25.5 28.3 42.7 50.6 
eggs 30.0 40.5 45.0 59.6 25.7 
milk 30.5 37.0 47.4 59.0 24.6 
Source: Ministry of Planning (Anon, 1985) 
5 
Western region 
The most important date producing area in this region is Al- 
Madina, which has more than 200 varieties. The Barni variety accounts 
for over 30% of the total production (Khalifa et al., 1985; Sawaya, 1986). 
Southern region 
The major producing area in this region is Bisha, which lies in 
Wadi Bisha, famous for its soil fertility and availability of good quality 
water. The Sufri variety is the most important date cultivar grown in 
this region and represents about 80-90% of the total date palms (Khalifa 
et al., 1985; Sawaya, 1986). 
From this regional division some important areas, which produce 
and cultivate significant amounts of date cultivars, are not mentioned; 
for example, in the central regions, Howtat bani Tameem, Al-hareeg, Al- 
aflaj, Wadi Aldwasser etc. Date production in Saudi Arabia was increased 
from 342.3 tt (thousand tons) in 1979/1980 to 460 tt in 1985/1986 (Fig. 
1.1). This large production is an indication of the necessity for processing 
second quality dates as well as any surplus (Anon., 1986). 
1.3 INDUSTRIAL USES OF DATES 
Date technology in Iraq has been known for a long time, even 
though it was primitive, such as dibs (syrup), alcohol, vinegar and cooked 
khalal. Recently, however, many of the date industries have been 
modernised, such as the production of dibs and its derivatives, liquid 
sugar, Torula from yeast and citric acid using fermentation (Ragab, 1975; 
Karash, 1979). 
6 
Fig-1.1 Date production in Saudi Arabia from 1979 - 1986 
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In the USA dates are usually marketed at the ripe stage, packed 
in small packages with part of it transformed into different date products 
and by-products such as date candies, date chocolates, dried fruits, coarse 
bits, jams, jellies and other confectionery products. 
France is not a date producing country but it imports the fruits 
and some are re-exported after processing into various products and by- 
products (Sawaya, 1986). 
In the Arab world, date processing is at an early stage and in 
some regions does not exist, and all commercial handling of dates is done 
mainly through packing. On the commercial scale there are three date 
packing factories, all belonging to the public sector, which are located in 
Al-Madina. There are two packing pilot plants belonging to the Ministry 
of Agriculture and Water and a third one was built in Hofuf. These 
factories are relatively small with actual production capacity of 1500 tons 
(Khudr, 1980). 
About 70% of the packed dates in these factories are marketed 
in small packages, in some of which the date pits are replaced by 
almonds. The remaining 30% are destoned, ground and marketed in 
different packages mainly to be used in bakery products and pastries 
(Table 1.2) (Anon., 1985). 
The packing lines in all the above factories are as follows: 
Reception 
The dates are packed in plastic containers containing from 15- 
20 kg after the fruits meet quality control regulations according 
to their colour, flavours and sizes. Others which do not meet 
these regulations will be rejected. 
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Table 1.2- Date packing factories in Saudi Arabia from 1964-85 
Name of factory 
Production 
Location capacity Region 
(tons) 
National Modern factory Al-Madina 300 Western 
for date packing Al-Munawara 
National Establishment for 
processing of dates and 
date by-products 
National date packing factory 
it 160 It 
It 150 it 
National factories for Bish-Roshan, 1000 Western and 
date packing Jeddah Southern 
Makkah Al-Mukarramah Makkah 1500 Western 
*date packing plant Al-Mukarramah 
Hail date plant Hail 2000 Northern 
Gassim date factory Gassim 1228 Central 
Gassim date packing plant Buraydah 3000 " 
Al-Quassim Agriculture Buraydah 5000 
Company date plant 
Al-Uwaired date plant Gassim 2000 t' 
Al-Sleem date packing and Buraydah 1000 
manufacturing plant 
(Continued ... . 
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Table 1.2 (continued) 
Name of factory 
Production 
Location capacity Region 
(tons) 
Wadi Hanifa date plant Riyadh 1800 Central 
Al-Muslem plant for food 
manufacturing 
tt 468 it 
Al-Zied date packing plant it 1970 " 
Abu-Hussain date plant Al-Kharj 2000 if 
Hootat Bani Tumim Hootat Bani 2000 
date factory Tumim 
Wahat Al-Janoub date Bisha 1400 Southern 
manufacturing plant 
Bish date plant " 2000 it 
Tarabah date plant Tarabah 2000 It 
* Wadi Tarabah date plant it 1750 it 
A1-Rufayah date factory Hofuf 144 Eastern 
Al-Sharkiyya date packing Dammam 2000 it 
plant in Al-Jonciaa 
*These date factories packed dates and pulps. 
Source: Ministry of Industry and Electricity (1982-85) 
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Fumigation 
The objective of this stage is to kill all insects and their eggs 
before they affect the quality of the dates. 
Methyl bromide is used in a special room under atmospheric 
pressure and special care must be taken to prevent the gas from 
escaping to the atmosphere. The dosage of this gas is around 
1 lb/1000 ft3 for 12 h; this treatment must be carried out 
immediately after receiving the fruits. 
Sorting 
This step is usually carried out by hand to discard all dirt, very 
dried fruit, stones etc. 
Cleaning and sterilisation 
Usually drinking water used atNgh pressure to clean fruits from 
all sides and between fruits. Sometimes a chemical is used such 
as sodium hypochlorite or ethylene oxide to kill visible micro- 
organisms. 
Drin 
Fruits which have been cleaned are dried using hot air or cold air 
according to final use. 
Packing 
This step has many goals such as protection from physical and 
chemical effects during handling, transporting, storing and 
distribution. Finally, packaging allows units to be made available 
for sellers either retail or wholesale (Anon., 1984b). 
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All the existing commercial date factories are relatively old with 
the first one licensed in 1964 and used for packing at a relatively small 
capacity. Moreover, complementary industries, which can utilise the 
second quality and surplus dates as well as by-products, do not exist yet. 
In addition, there is not enough data available on the processing and 
0 
utilisation of the different local date varieties into various date products 
and by-products (Sawaya, 1986). 
1.4 PROCESSING OF DATES INTO SYRUP 
Dates are a food commodity containing a high percentage of 
sugars . along with other' components. However, utilisation of these 
components on a commercial scale is in the development stage in the 
major producing countries except for the USA, although date syrup has 
been made in the home since ancient times (Dowson and Aten, 1978). The 
processing of dates into syrup can be classified into three categories: 
Home processing : date fruits are sorted, cleaned and moistened, then 
packed in suitable packs one upon another and a heavy weight placed 
above them to create a press, out of which the juice leaches and is 
collected. Sometimes the collected juice is filtered to remove 
undesirable materials. The juice is dark in colour, very viscous and 
date flavoured. However, the amount of juice is very low, although 
it meets the home owner's demands. 
Laboratory scale : Hamad et al. (1983) and Mustafa et al. (1983) applied 
high temperature to extract date syrup. They mixed dates with an 
equal volume of water and cooked them under pressure at 115°C for 
15 min, after which the extract was filtered by pressing at 300 bar. 
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The collected syrup was allowed to stand for 2 hrs then filtered 
through double cheese cloth after discarding the precipitate. 
Finally, the syrup was analysed for sugar content and stored in 
plastic bottles for later use. However, the use of high temperature 
will lead to the destruction of other components such as protein. 
Industrial scale : in - the USA heat treatment is extensively used to 
improve the quality of dates (Dowson and Aten, 1978). The use of 
heat is normally applied to date processing as curing, drying, 
dehydration, pasteurisation, sterilisation, hydration with hot water 
and hydration with steam. Maeir et al. (1964) studied the effects of 
heat processing on the properties of dates; however, their study was 
concerned with the effect of heat on changes in' dates during 
packing and marketing. There is no data available on the processing 
of dates into syrup. Iraq, on the other hand, is the only country 
which is processing dates into syrup because this product is one of 
the major foods consumed. There are two proposed factories in Iraq 
for date syrup production with a capacity of 4000 ton/year for both. 
These factories are in a development stage and each one is 
comprised of the following units: date syrup extraction unit, glucose 
and fructose separation unit, fermentation unit and evaporation and 
recycling of used water unit (Anon., 1982a). 
In Saudi Arabia no such process exists, for conversion of dates to 
syrup in spite of large-scale production and cultivation of date crops. 
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1.5 - GLUCOSE AND FRUCTOSE PRODUCTION 
Glucose syrup can be produced from several plant starches such 
as wheat, maize, cassava, potato etc. Conversion of starch into glucose 
involves several stages of hydrolysis, while glucose-fructose mixtures can 
be obtained from some fruits such as grapes and dates. Starch is formed 
as a product of biosynthesis in plants where carbon dioxide, water, and 
light as a source of energy combine to produce a soluble substance called 
dextrose. Polymerisation continues to build more complicated insoluble 
straight and branched polysaccharides such as amylose or amylopectin 
(Fig. 1.2). Starch hydrolysis is the reverse of the formation by converting 
the backbone structure into small units then into single units of dextrose. 
It is a very complicated process in which mechanical preparation of liquid 
starch may involve more than 33 steps (Hicks, 1970a; Hicks, 1970b; Hollo 
et al., 1985) 
1.5.1 Mechanical preparation of liquid starch 
Mechanical preparation of one source of starch (maize) can be 
summarised as follows (Fig. 1.3): 
Preparation stage : steeping; where sulphur dioxide solution is added to 
the cleaned and weighed corn and the steep water evaporated followed by 
premilling. Germ separation takes place which will be washed out for oil 
extraction. Fine milling; involves hull washing, grit milling, fine screening 
and sand removal. Pre concentration means raising the temperature to 
40°C before refining for certain requirements. However, a separation step 
follows to separate insoluble protein where starch in this step contains 
14 
8-10% protein which will be reduced after separation into 1-3% depending 
on temperature, type of separator and quality of glutein. 
Refining step, where a defoaming pump is used. This step can be 
repeated in series and the washing of the starch carried out counter- 
currently so that fresh water enters the last refining separator and the 
effluent from this separator is used as wash water in the next separator 
and so forth. Middling concentration is followed to minimise the 
profitability of process water and to remove part of the water that 
circulates within the starch refining step. Finally, the starch can be 
either treated by dewatering, drying and bagging with content of 12-13% 
moisture or dewatering and directed to glucose plant. 
1.5.2 Starch hydrolysis into glucose syrup 
. 
The conversion of starch polymer to small compounds is a process 
called hydrolysis which involves acid and/or enzymic breakdown of starch, 
and it includes the following stages: Liquefaction where hydrochloric acid 
is used to convert starch into glucose units batch-wise in a pressure 
cooker. The extent of conversion depends on acid concentration, time, 
temperature and pressure during the reaction. Acid hydrolysis of starch 
is random and reducing sugars are formed. These reducing sugars are 
considered as indicators of starch hydrolysis by means of a Dextrose 
Equivalent term (D. E. ). The acid process is limited to 55% D. E. because 
above this value undesirable colour and taste will develop as a result of 
reformation of unwanted substances (Palmer, 1970). However, enzymes 
will produce a high quality glucose syrup where reversion to unwanted 
products is prevented. 
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Alpha-amylase (from microorganisms) is added to a starch slurry 
and is heated in a jet-cooker by directed steam injection at 105°C for 10 
minutes and then cooled to 95-100°C where the hydrolysis reaction 
continues for 1-2 hrs. Starch up to now is gelatinised and solubilised and 
the long chain molecules broken down into maltodextrins which can be 
linear or branched. 
Saccharification: The maltodextrins (alpha-amylose) which result 
from the action of alpha-amylase are further broken down by the action 
of glucoamylase which removes glucose units in a stepwise manner from 
functional ends (Fig. 1.2). This activity is very efficient and continues to 
break down the alpha-1-4 linkages, but when alpha-1-6 linkages are 
reached 
' the hydrolysis action will, be at a much slower rate and the 
hydrolysis by this enzyme will produce undesirable isomaltose. 
Jensen and Norman, (1984) claimed that using pullulanase from 
Bacillus acidopullulyticus with glucoamylase simultaneously during 
sa cchari fi cation reduced the requirement of glucoamylase. 
The pullulanase will hydrolyse : the branch , points 
in the 
amylopectin leaving the linear, alpha-1-4 linkages for glucoamylase to 
hydrolyse increasing the D-glucose level and decreasing the isomaltose 
level. 
1.5.3 High fructose syrup 
Glucose can be converted into fructose using glucose isomerase 
(Marshal and Kooi, 1957). Fructose is sweeter than sucrose which gives 
it an economical advantage over both glucose and sucrose. Industrial 
production increased markedly during the last 12-20 years in the USA 
(Glekar et al., 1983). High fructose syrup is produced and marketed as 
RMYLOPECTIN 
Alpha-1-4 GLYCOSIDIC LINKAGE 
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Fig. 1.2 Fragments of starch and positions of hydrolytic enzyme action 
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FIG. 1.3 CONVERSION OF MAIZE STARCH INTO LIQUID SUGARS 
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different products such as 42,55 and 90% sweetener. The process of 
glucose syrup conversion into fructose syrup begins by adjusting the cooled 
glucose liquor from the liquefaction and saccharification steps to pH 7- 
8.5 (Fig. 1.4 - Fructose from glucose). When the glucose syrup has 
reached 65°C, isomerisation is initiated by passing the liquor through a 
medium containing isomerase (when isomerase is immobilised the medium 
can be reused). At the end of isomerisation, the pH is adjusted with 
hydrochloric acid and the isomerised liquor is cooled, filtered and 
evaporated to reduce the moisture content. The finished isomerised 
product contains 42% fructose, 50% glucose and 8% other saccharides 
(Glekar et al., 1983). Further purification steps proceed by reheating the 
filtrate to 65°C and passage through other filter aids. The liquor once 
again is cooled to 43°C and purified by ion-exchange resins which remove 
unwanted salts and ash from the liquor. Another evaporation takes place 
to increase solids content and the syrup stored at 38°C where dis- 
colouration, crystallisation and fermentation are inhibited. 
In order to obtain fructose syrup with a high fructose content 
such as 55% and 90%, other processing steps are needed for second- 
generation of glucose separation (Cubenas et al., 1979). An ion- 
fractionation of 42% fructose syrup was made before evaporation and the 
second-generation of fructose syrup portion is blended with 42% fructose 
syrup to obtain 55% high fructose syrup. The ion-fractionation reaction 
is done by passing high fructose liquor through a column containing bromic 
acid gel while the glucose portion flows freely through the column. The 
end products are further evaporated to the desired concentration and 
stored for later use and shipping. 
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ISOMERISATION 
GLUCOSE FRUCTOSE 
Fig. 1.4 Isomerisation process for fructose production from glucose (above) 
and enzyme-substrate complex (below) 
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1.5.4 Potential and problems of glucose and fructose in food processing 
1.5.4.1 Potential 
Maiden (1970) stated that the UK sugar confectionery industry is 
considered the largest user of glucose syrups consuming about 60% of the 
total quantity. Martin (1955) reported that the confectionery industry 
uses approximately three quarters of a billion pounds of corn syrup and 
dextrose annually to produce candies and chocolate goods in the USA. 
A sugar confection is a product normally expected to have a very 
long shelf life before it is consumed due to certain physical properties and 
more stability against chemical and microbiological change because of its 
high solid content. 
Sucrose has two characteristics, the tendency to crystallise and 
inversion during boiling. To control these two phenomena, the in- 
corporation of glucose syrup in a recipe reduces the effect of concen- 
tration of sucrose during high temperature treatment therefore reducing 
the tendency of sucrose to crystallise, slows down the shell graining and 
contributes to the body and mouth-feel of the confection on consumption 
(Palmer, 1970). Finally, glucose syrup has a major role in frozen 
confectionery such as ice-cream and other frozen foods because of its 
action in lowering freezing points (Table 1.3). 
The partial replacement of sucrose by 42% or higher D. E. glucose 
syrup in bakery products has the following advantages: 
1. glucose syrup retains moisture in the product under different 
conditions, thus protecting against moisture loss and 
improving the keeping quality of cakes. 
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Table 1.3 Freezing and depression by glucose syrup 
Sugar Depression of freezing point (°C) 
Sucrose 1.09 
Invert sugars 2.06 
42% D. E. 1.09 
63% D. E. 1.43 
Source: Maiden (1970) 
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2. glucose syrup has a high percentage of dextrose and maltose 
which is directly fermentable by yeast in the dough, 
therefore fermentation can be more quickly accomplished, a 
factor for brown bread. This produces a well baked, sweet 
and wheaty flavour. 
3. using this type of sugar will produce an attractive crust 
colour for bread because of the readily caramelised 
components. Easy caramelisation is important to cake 
manufacture, particularly for dark fruit cake. The baker 
also uses glucose syrup in pie fillings and fondants and butter 
creams are improved considerably with respect to smoothness, 
texture and shelf life if 63% D. E. of glucose replaces part of 
the sucrose. 
Preserves: Using glucose syrup in jams and jellies as a 
protective against microbiological growth has been well known for a long 
time. A high concentration of glucose in the final products increases 
osmotic pressure and lowers the water activity preventing microbiological 
contamination. Glucose and fructose sugars are more effective in this 
manner than higher sugars (Palmer, 1970; Nicol, 1971; Maeda and Tsao, 
1979). 
The canning industry uses glucose syrup because of its ability to 
produce a bodying effect, balance the sweetness of the produce and 
increase osmotic pressure to preserve the produce. However, the use of 
glucose syrup exceeds the previous applications and enters into dietic and 
infant foods, meat processing, lactic acid and gluconic acid production, 
soft drinks and other applications such as pharmaceutical and polymer 
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synthesis (Maiden, 1970; Palmer, 1970; Nicol, 1971; Howling, 1979). 
Fructose syrup usage can be summarised into: 
- reduced tendency to crystallise 
- high sweetness (Fig. 1.5) 
- high fermentability 
- highly hygroscopic 
- water white colour 
- clean non-masking taste 
- does not stimulate the secretion of insulin, and 
- has slow effect on the blood-glucose level 
(Vanninen and Doty, 1979) 
1.5.4.2 Problems 
Production of glucose and fructose syrups from starch hydrolysis 
makes them more costly because of multiple steps of extraction, 
separation, purification and concentration as described in the previous 
sections. In addition, chloride and sulphate ions cause corrosion to 
pipework even if they are made of stainless steel (Maiden, 1970). 
Branched starch raises difficulty during hydrolysis by alpha-amylase. Also 
wheat starch contains two types "A" and "B" with particle sizes of 30, 
35 pm respectively. The latter is less accessible for hydrolysis and makes 
the enzyme attack difficult (Selby and Wookey, 1970). Development of 
unwanted substances by addition of glucose and fructose syrup causes 
colour formation and bitter taste during storage and processing. 
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- CHAPTER TWO - 
2.1 HISTORY AND ORIGIN 
2.1.1 Original location 
It is safe to believe that Phoenix dactylifera L. was created out 
of the earth after the creation of Adam. It is certain that date palm was 
found and cultivated in the northern subtropical zone from Western India 
to the Canary Islands (Field, 1973) because the climate in these regions 
is suitable for the date palm to grow. 
The date from the beginning was important as a source of 
materials for manufacture and the fount of beverages. 
Most people believe that the original date location was in the 
desert of North Western Africa, tropical North America, the Arabian 
peninsula, Babylonia, Persia, Western Asia and Western India. 
The belief that India was the home of the genus is probably not 
fully accepted because a great part of India will not meet the require- 
ments for growth. Beccari (1886) indicated that the date palm originated 
in a country where the air was hot and dry, but the ground sodden with 
salt water. The origin of the date may be more definitely located by a 
consideration of its nature. It thrives best in subtropical regions with 
scanty rains, or none at all, yet it demands abundant and constant 
moisture about its roots. The seeds not only require wet soil in which to 
germinate, but the cotyledon, that tiny, sharp-point spear of green which 
pushes its way through the sand to announce the birth of the new palm, 
has no less than four characteristics adapting it to resist excessive 
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moisture. The roots of the seedling possess many more peculiarities that 
are adapted to grow in waterlogged situations, moreover the palm is 
remarkably tolerant of saline soils. 
The culture of the palm cannot be dated very far back in the 
Tigris-Euphrates delta, where it now finds its greatest commercial 
development, for the reason that this alluvium itself is relatively recent, 
having been laid down in all probability not earlier than 10,000 BC (Field, 
1973). 
The culture of the date palm may have been brought into this 
region from the Arabian peninsula or from Northern Mesopotamia (Clay, 
1921) or it may have come from the Arabian Gulf coast. But no matter 
whence it came it is safe to believe that it had already begun to play an 
important part in the life of the people who cultivated it. 
It has been pointed out (Beccari, 1886) that in at least four 
respects the palm held a peculiar importance to the primitive date- 
growers: 
1. It produced a large supply of the best possible food, easily 
stored and transported and therefore adapted to give its 
possessors a notable advantage over their neighbours. 
2. It furnished a source of materials for building and home 
industry. 
3. It furnished an intoxicating beverage called "drink of life". 
4. The separation of its sexes on different plants and the 
mystery of its reproduction. 
32 
2.1.2 Modern location 
It has been conjectured that the presence of the real date in part 
of the United States of America is a consequence of the Spanish 
occupation but the exact date of the first introduction is unknown (Field, 
1973). 
In North America there were only 50 date palms in the 
Seventeenth century. This number was increased a thousand times by the 
Nineteenth century. 
The plantation of seedling palms in Arizona was probably founded 
in early 1861-65. The success of the palms planted at Phoenix aroused 
further interest in date growing , and in 1899 the Arizona Agriculture 
Experimental Station established an experimental farm at Tempe in Salt 
River Valley (Toumy, 1898). 
In addition to the` United states as a new location some other 
countries adopted date palm plantations such as Peru, Brazil, Argentina, 
South Africa, Australia, Cyprus and Tanganyika (Dowson and Aten, 1978). 
The growth of date palms in these areas which have a similar 
climate to the Arabian desert and the Arabian Gulf is an indication of the 
most probable origin of date palm. To say that date palm succeeds only 
under arid desert conditions is too hasty a generalisation. Indeed the 
most arid desert conditions are not favourable to the successful production 
of the best varieties, as is seen in Nubia, Egypt and Sudan, where it is 
difficult to grow anything except hard dates. 
In general, it may be said that the climatic requirements of the 
date palm are enough heat in summer, not too much cold in winter, not 
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too much rain in spring (at the time of pollination) and not too much in 
autumn (when the fruit is softening) (Field, 1973). 
2.2 SIGNIFICANCE OF THE DATE 
2.2.1 In the past 
The date' palm is valuable for human life in most Mediterranean 
areas and the Arabian peninsula near the Gulf coast not only because of 
the dates it bears, but also because it provides several other requirements. 
From the trunk are built the walls, rafters, doors, shutters and stairs of 
houses, and also fences, roofs, crates, chicken coops, bedsteads, boats and 
fuel. The frond bases are used for fuel and as floats for fishing nets. 
From the leaflets are woven mats and baskets, including the kind 
used for packing dates. With fibre from round the heart of the palm rope 
is made and pillows and mattresses stuffed and also the fibre from the 
leaflets is used for stuffing upholstered furniture. The sap is drunk either 
fresh or fermented, and from its sucrose sugar can be made. Finally, one 
of the most important functions of the date palm is to provide shade from 
the sun and protection from the wind for the crops growing below them. 
In many places in the Sahara and in the Arabian peninsula man is 
able to sustain himself against the inclemency of the climate only by the 
protection of his palms (Dowson and Aten, 1978). 
2.2.2 In the present 
Dates were investigated in many places by many workers 
according to their interests: nutritionists, food scientists and technologists, 
chemists and others. 
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The author had some difficulty finding complete information in 
any one of these areas, because of the variation among dates in their 
composition and stage of development as well as their changes during the 
storage period. Examples of some of the work in these different areas 
are presented in Table 2.1. 
2.3 CLASSIFICATION AND VARIETIES OF DATES 
In general, the fleshy tamar (fully ripe) dates are composed of 
two thirds of sugar, one quarter water and the rest dry matter. These 
ratios are varied according to stage of maturity as well as the variety of 
the date. 
Dates can be classified according to the ratio of water to the 
dry matter during their stage of development as follows: 
1. Kimri: When the date has grown a little and become a clear, 
green colour (2.1a) (Dowson and Aten, 1978). It is characterised 
by rapid increase in weight and volume, rapid accumulation of 
reduced sugars, low but increasing rate of accumulation of total 
sugars and total solids, highest active acidity and high moisture 
content. At the end of this stage the rate of gain in weight and 
volume is reduced and there is a greatly reduced rate of 
accumulation of reducing sugars, considerable reduction in the 
already low rate of accumulation of total sugars, slightly reduced 
active acidity and high moisture content (Rygg, 1946,1948; 
Dowson and Aten, 1978). 
2. Khalal: This is the next stage to kimri. In this stage changes of 
the colour of the skin are from green to yellow, to chrome or 
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Table 2.1 
Products 
date juice 
Some of the date products in different areas 
liquid sugar 
date dough 
animal feed 
single cell protein 
alcohol products 
date beverages 
date jam 
date softening 
date pickling 
date canning 
date bars 
Reference 
Dalay and Nour Eldin, 1976 
Hamad et al., 1983 
Anon., 1979 
Mustafa et al., 1983 
Anon., 1979 
Anon., 1979 
Anon., 1979 
Anon., 1979 
Anon., 1979; Mustafa et al., 1983 
Sawaya et al., 1983b; Zim et al., 1981 
Anon., 1979 
Sawaya, 1986 
Mustafa et al., 1983 
Sawaya et al., 1983a 
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red depending on the variety (2.1b). The rate of gain in weight 
continues to decrease, a low rate of gain in reducing sugars, a 
rapidly increasing rate of gain of sucrose, total sugars, and of 
total solids, continued decrease in active acidity, and decreasing 
moisture content. In all types of dates the accumulation of most 
of their sugars as sucrose is during the khalal stage (Rygg, 1946, 
1948; Dowson and Aten, 1978). 
3. Rutab: Means wet and is differentiated from the previous stages 
by the date becoming more or less translucent by darkening of 
the skin from yellow, chrome or red to brown or to nearly black 
(2.1c). Most of the dates in the late period of this stage are 
soft, and tannin is precipitated in an insoluble form so that the 
date loses any astringency that may have remained in the khalal 
stage from the kimri stage (Rygg, 1948; Dowson and Aten, 1978). 
4. Tamar: Means mature and is the final stage of maturity. The 
date has lost enough water to make the sugar to water proportion 
sufficiently high to prevent fermentation. This stage is 
equivalent to that of the raisin in the grape. The texture of the 
flesh of dates of the soft type is somewhat soft at the beginning 
of the stage and gradually becomes firmer, though remaining 
pliable with time. The skin, in most varieties, adheres to the 
flesh and wrinkles as the flesh shrinks, but the skin of some 
varieties is brittle and cracks as the flesh recedes from it leaving 
bare, sticky patches of flesh where sand insects can enter. The 
colour of the skin and of the underlying flesh darkens with time. 
Fig. 2.1 Size and colour changes at different stages 
of maturity of Sufri date variety 
a) Kimri stage of development of Sufri date 
b) Khalal stage of development of Sufri date 
c) Rutab stage of development of Sufri date 
a) 
b) 
37 
c) 
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The ratio of water to total solid matter classifies dates as: 
1. Soft 
These varieties have total sugars of 77-85%, reducing sugars 74- 
85% and sucrose 0-3%; for example, Barhi, Ghars, Hallawi, Kulas, 
Majhul and Saidi. 
2. Semi-dry 
The total sugars are 71-78%, reducing sugars 39-71% and sucrose 
5-38%; examples of this class are Sufri, Zahdi and Deglat Noor. 
3. D 
These varieties contain total sugars of 73-80%, reducing sugars 
17-41% and sucrose 32-59%. Examples are Deglat Beidha, Kenta, 
Thuuri. 
It may readily be seen that about three quarters of the dry 
matter of the flesh of dates in their cured, stable condition is sugar, 
irrespective of variety. Soft dates, and these are the commonest, contain 
little sucrose, while the sugar of dry dates is about one third sucrose and 
two thirds invert sugars. The semi-dry dates occupy a position between 
the other two groups with respect to their sugar balance. 
2.4 WORLD PRODUCTION OF DATES 
There is very little data available concerning the distribution of 
palms and the production of and commerce in dates (Field, 1973). This is 
because 97.8% of the date palms are grown in the Third World where 
accurate information is very difficult to obtain. Most of the figures are 
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based on an estimation and accuracy will not be looked for in such an 
estimation. 
The numbers of date palms in the world up to 1976 are estimated 
to be 86,536,000 (Field, 1973; Mohammad, 1983). I believe this number is 
an under-estimate for obvious reasons; for example, Saudi Arabia was 
estimated to have 7,000,000 date palms, while the number is over 
9,000,000 date palms (Al-Shaikh, 1983). 
In the Arab countries, it was estimated that the average number 
of date palms between the period 1971-1976 was 62,000,000 trees 
occupying over 422,000 hectares, which is about 5% of the total 
cultivatable land (Mohammad, 1983). Iraq is considered to be the premier 
country in the world in cultivated area, with an estimated number of 
22,000,000 date palms and an area of 125,000 hectares. Morocco has a 
cultivated area of date trees of 84,500 hectares with Saudi Arabia, 
Algeria, Egypt having each a cultivated area of 45,000 hectares. Libya 
comes in sixth place with an estimated number of 4.6 million date palms, 
occupying an area of 27,500 hectares followed by both Yemens, Tunisia, 
Oman and Sudan respectively (Table 2.2). 
The world production of dates was increased from 1.3 million 
tonnes in the period 1948-1952 to 2.6 millions in the period 1977-1979 
(Anon., 1982b; Mohammad, 1983) (Table 2.3). 
The average annual production per hectare in the world was 1.46 
tons. The average production in Sudan, Mauritania, Yemen and Somalia 
was 8.8 t/h (tons per hectare); in Egypt the annual average production was 
8.3 t/h. In Tunisia, Algeria, Oman, Iraq, Libya and Morocco the average 
annual production (t/h) was 4.6,3.6,3.4,2.2,1.1 respectively. 
Dates are consumed in many countries fresh, dried or preserved. 
Iraq is the largest producer of dates and consumes 58% of its production 
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Table 2.2 Number of date palms, date palms cultivated area, average 
date production per tree and per hectare, in the major 
producing countries in the world (1976) 
No. of Cultivated Av. yearly No. of Produc- Production 
Country trees area production date palms/ tion/tree per hectare 
(x 1000) (1000 hec) (x 1000 tons) hect. (kg) (tons) 
Iraq 22,000 125.0 426.2 176 19.3 3.4 
Iran 20,000 114.3 302.2 175 15.0 2.6 
Algeria 7,500 45.0 165.8 167 22.0 3.7 
Egypt 7,000 45.0 373.3 156 53.3 8.3 
Saudi Arabia 7,000 45.0 256.3 156 36.6 5.7 
Morocco 5,000 84.5 94.8 59 19.0 1.1 
Libya 4,600 27.5 61.9 167 13.5 2.2 
Yemens 2,700 15.0 87.4 180 32.4 5.8 
Tunisia 2,250 10.0 45.5 225 20.0 4.5 
Oman 2,000 15.0 54.2 133 27.0 3.6 
Sudan 1,900 6.0 87.8 317 46.2 14.6 
Pakistan 1,700 - 140.0 119 82.3 - 
USA 250 2.1 17.8 - 71.0 8.5 
Spain 220 - 15.7 - 71.4 - 
Mexico 150 - 2.7 - 18.0 - 
Other countries 1,266 - 34.8 - 27.5 - 
World 86,536 534.4 2166.4 144 25.4 37.0 
Source: Mohammad (1983) 
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Table 2.3 Date production in the period 1948-1982 (x 1000 tons) 
Country 1948-52 1961-65 1966-70 1971-76 1977-79 1982 
Iraq 313.0 236.0 313.0 426.2 439.7 400.0 
Egypt 185.0 407.0 323.0 373.0 447.0 393.0 
Saudi Arabia 183.0 238.0 383.0 256.3 353.0 400.0 
Algeria 98.0 122.0 128.4 165.8 207.3 207.0 
Morocco 43.0 79.0 101.4 94.8 98.7 65.0 
Sudan 31.0 58.0 60.8 87.8 108.7 115.0 
Libya 34.0 36.0 54.4 61.9 77.7 94.0 
Tunisia 34.0 35.0 52.2 45.5 42.7 52.0 
Oman - 43.0 - 54.2 50.0 72.0 
Mauritania 10.0 17.0 13.8 14.0 12.3 - 
Both Yemens 6.0 97.0 80.0 87.4 55.0 133.0 
Bahrain - 15.0 - 21.1 44.0 - 
Iran 230.0 305.0 288.4 302.2 296.3 301.0 
Pakistan 80.0 96.0 148.0 140.0 207.7 205.0 
USA 15.0 21.0 17.8 17.8 22.3 22.0 
Spain 7.0 14.0 17.8 15.7 13.3 12.0 
Mexico 5.0 7.0 7.2 2.7 2.3 1.0 
Other 
countries 52.0 33.0 86.8 34.8 127.5 158.0 
Source: Anon. (1982b) 
Mohammad (1983) 
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with 42% for export. Algeria consumes around 94% of her production 
(Mohammed, 1983). It should be noticed from these percentages that the 
estimated consumption is higher than the actual figures. Egypt, Sudan and 
Morocco consume all their production of dates while both Yemens import 
a significant amount of dates to meet their demands. The consumption of 
this country was estimated at around 137.6% of her production. 
The consumption per capita of dates varies from country to 
country. North Yemen consumption was 26.1 kg/capita, the consumption 
of Libya was 23.2 kg/capita and in South Yemen consumption reached 
14.5 kg/capita. Lebanon' and Jordan have the lowest consumption of 
dates, 2.3,2.9 kg/capita respectively. The average consumption of Iraq 
was 3.9 kg/capita; this is low because Iraq uses around 30.2% of its dates 
for industry and less wastage which was estimated at about 10-30%. This 
shows that there are losses in the quantities available for consumption 
indicating lack of efficient industrial operations and methods of reducing 
the losses. 
2.5 EXTRACELLULAR COMPONENTS AND OTHER 
COMPONENTS OF DATES 
Knowledge of date components is important for proper 
management, handling, drying, packaging, processing and storage. 
Sugars are considered the major components. They are 
extensively studied by many researchers, but their studies have been 
limited to quantifying total and reducing sugars, their ratios and changes 
with development. Vandercook et al. (1979) stated that the invert sugars 
are the most important components for they provide readily available 
energy. The sweetness contributed by the sugars probably is the chief 
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reason for the popularity of dates. The ratio of glucose to fructose 
changes with fruit maturity. Approximately, they are present in dates in 
equimolar amounts; however, the moisture content is the main indicator of 
sugar contents and the ratio of reducing sugars to sucrose. Dates with 
high moisture (soft date) have almost all reducing sugars, while semi-dry 
dates with moisture content ranging from 20-30% have high sucrose levels. 
Equal quantities of sucrose and reducing sugars are found in dry dates 
where these sugars are indicators of quality and firmness (in addition, they 
determine the grade of dates, as a high content of total sugars is 
considered high grade which will lead to better timing of harvesting) 
(Table 2.4) (Hussein et al., 1976; Sawaya et al., 1983c; Sawaya, 1986). 
Little protein is present but it has some essential amino acids 
(Salem and Hegazi, 1971; Auda et al., 1976; Sawaya et al., 1983c; Nour 
and Magboul, 1985; Sawaya, 1986). Dates contain small amounts of 
vitamins, are rich in' fibre and they also contain significant amounts of 
certain elements such as iron and potassium (Haas, 1935; Sawaya, 1986). 
Some extracellular components such as pectin, tannins, cellulose, 
hemicellulose and lignin are present in various amounts according to the 
stage of development (Table 2.5). 
Crude fibre is the indigestible portion of the fruits and includes 
pectins, lignins, cellulose and hemicellulose. Crude fibre in dates is 
roughly 2-4% of dry weight depending on the variety and the stage of 
development (Vandercook et al., 1979). The inner and outer mesocarp 
were studied (Coggins et al., 1968) and it was found that dates had higher 
levels of pectins in the inner than outer mesocarp. 
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Table 2.4 Moisture and sugar contents of date fruits of 
different varieties grown in Saudi Arabia 
Variety Moisture (96) 
Sugars (% dry weight) 
Glucose + fructose Sucrose Total 
Soft 
Khuneizi 67.60 73.30 4.98 78.28 
Hulaya 64.90 80.96 0.76 81.72 
Sukkarat Yanbu 63.70 77.16 2.10 79.25 
Barhee 61.40 83.19 0.00 83.19 
Hilwa 61.30 77.67 5.43 83.10 
Bukeira 42.30 75.24 1.84 77.08 
Khulas 39.42 79.90 0.00 79.90 
Semi-dry 
Sufri 27.30 52.97 22.18 75.15 
Khudari 25.27 54.12 18.73 72.85 
Berni 25.18 46.95 29.60 76.55 
Nebutsaif 24.60 45.10 23.60 78.70 
Agwa 24.16 51.69 22.94 74.63 
Ruzeiz 22.68 51.20 22.95 78.15 
Dry 
Safawi 19.25 45.60 32.70 78.30 
Shalabi 18.10 38.45 32.70 77.95 
Sukkari 18.72 36.05 39.50 81.75 
Anbura 17.95 46.20 45.70 78.80 
Sakhi 16.70 39.67 40.15 79.82 
Source: Hussein et al. (1976). 
46 
Table 2.5 Chemical analysis of inner and outer mesocarp tissues 
of Natural and No. 1 Dry Degelat Noor dates 
(dry weight) 
Natural No. 1 Dry 
Sugar 
Mono-disaccharides 
Outer Inner Outer Inner 
(%) (%) (%) (%) 
Glucose 14.4 13.0 10.7 7.7 
Fructose 17.9 16.1 13.8 10.5 
Sucrose 50.0 58.7 55.0 69.9 
Total sugars 82.3 87.8 79.5 88.1 
Alcohol soluble solids 87.1 91.7 86.7 91.1 
Polysaccharides 
Low methoxyl pectin 1.3 2.2 1.4 2.1 
High methoxyl pectin 0.7 0.9 0.5 1.1 
Protopectin 1.7 2.2 1.8 2.5 
Total pectin 3.7 5.3 3.7 5.7 
Lignin 0.3 0.1 0.3 0.1 
Hemicellulose A 1.5 0.9 1.7 0.8 
Hemicellulose B 0.8 0.9 0.8 1.0 
Total hemicellulose 2.3 1.7 2.6 1.8 
Cellulose 0.8 1.1 0.9 1.2 
Source: Coggins et al. (1968). 
47 
2.6 SOFTENING ENZYMES OF DATES 
The firmness and texture of the cell wall are probably the main 
factors which determine the quality of dates. The activity of invertase 
was investigated and both soluble and insoluble fractions were found in 
mature Deglat Noor dates. It was concluded that soluble invertase was 
absent in the green stage (Kimri stage) and began to develop as maturity 
proceeded. The significant increase in soluble invertase reached an 
optimum during the period that fruit matured from the green stage to the 
early red stage. On the other hand, insoluble invertase decreased by 
approximately half during the same period, but remained fairly constant 
after the early red stage (Hasegawa et al., 1969; Hasegawa and 
Smolensky, 1970). 
The importance of sucrose inversion on the textural quality of 
dates has been observed. The degree of this inversion was a function of 
invertase activity, moisture content and the temperature of incubation 
(Maier and Metzler, 1961). 
Kanner et al. (1978) studied invertase activity in three cultivars 
(Khadrawi, Hallawi and Deglat Noor) during the last stages of develop- 
ment. They found invertase activity developed in all cultivars at the 
beginning of the Rutab stage. It was found that optimum invertase 
activity and its gradual development were different in three cultivars but 
the activity was much higher in Khadwari than Deglat Noor. This 
difference in invertase activity between cultivars affects the water 
content in these fruits. They concluded that the water evaporation was 
lower in fruits of high invertase activity than those with low invertase 
activity. 
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Enzymic activity including polygalacturonase, cellulase and soluble 
invertase appears to be closely correlated with maturation and ripening of 
dates (Coggins et al., 1967). 
Mature Deglat Noor dates possess three hydrolytic enzymes, 
cellulase, polygalacturonase and invertase. Hasegawa et al. (1972) used 
these enzymes to improve date quality. They found the formation of 
sugar wall dates appears to be due to a deficiency in invertase activity. 
Tough dry dates possess less hydrolytic enzyme activity than higher 
quality fruit. Added cellulase is effective in the softening of tough, dry 
dates, and added invertase is effective in improving the quality of sugar 
wall dates. 
Attempts were made to improve the texture quality of the "mixed 
green" using different combinations of cellulase and pectic enzymes. The 
best result was found with food grade pectinase which worked very 
quickly. The cellulase used was very successful either alone or 
incombination with the pectic enzymes. This showed that it is possible 
to use a preparation high in pectinase content to improved the texture of 
the "mixed green" (kimri stage) dates (Smolensky et al., 1973). 
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- CHAPTER THREE - 
PECTIN AND MODE OF PECTOLYTIC ENZYME ACTION 
3.1 DEFINITION AND STRUCTURE 
Pectic substances are found as integral parts of the primary cell 
wall and middle lamella of higher plants and have a significance in a 
number of areas of research. These include plant physiology, food science 
in connection with textural changes occurring during maturation and 
processing of fruits and vegetables and nutrition with regard to dietary 
fibre determination. Pectic materials are soluble in water and charac- 
terised by the formation of gels under certain conditions (Pilnik and 
Voragen, 1970). They are complex polymers composed of a backbone of 
partially methylated 1-4 linked alpha-D-galactopyranosyluronic acid 
residues with occasionally 1-2 linked alpha-L-rhamnopyranose residues. 
Some of the hydroxyl groups on the second and third carbons of the 
galactopyronosyluronic acid residues may be acetylated and neutral sugars 
are present as covalently linked side chains (Fig. 3.1). This irregularity in 
the structure of pectin makes it gel with variable firmness and rigidity 
which has a major role in food texture during processing (MeFeeters, 
1985). 
3.2 BIOSYNTHESIS OF PECTIN 
Chain formation in pectin involves two stages: formation of the 
main chains and introduction of the methyl ester groups. Generally, all 
scientists are agreed that the donors of monomeric units for the 
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biosynthesis of cell wall polysaccharide are nucleotide diphosphate sugars. 
In the case of the pectic substances the most predominant monomer is 
galacturonic acid, which formes the alpha 1-4 linked backbone of this 
acidic polysaccharide (Villemez et al., 1965; Villemez et al., 1966). 
Another feature of pectic substances is that they contain various 
neutral sugars, beside polygalacturonic acid, in part as side chains or 
blocks within the main chain "(Pridham, 1974). 
3.3 THE ROLE OF PECTIN IN FOOD PROCESSING 
Pectins with other polysaccharides are important to the strength 
and firmness of fruit and vegetable tissues. Enzymes can be used to 
disintegrate pectin in plant tissues for use in baby foods and juice drinks 
(Zetelaki, Horvath and Gatai, 1977). 
The effects of calcium on texture in relation to pectin has been 
investigated and the conclusion was that addition of calcium either 
increases the firmness of tissues or prevents loss of firmness in a variety 
of products during blanching treatment. Blanching treatment initially 
activates pectinases and calcium ions cross-link the demethylated pectin, 
which increases the firmness (Hoogzand and Duesburg, 1961; Wiley and 
Lee, 1970; Bartolome and Hoff, " 1972; McFeeters, 1985). 
Van * Buren (1986) stated that there is a significant interplay 
between salts and pectins in determining firmness. The explanation was 
that: first, interaction between monovalent salts and calcium affecting 
pectin matrix adhesive characteristics and secondly, an enhancement by 
salts of softening and pectin solubilisation reactions associated with 
thermal- processing. These two characters might be used in controlling the 
textural properties of cooked and canned vegetables. 
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Pectin is commonly used in jellies, jams and preserves as a gelling 
agent. The gelling can be obtained with pectin within a narrow range of 
pH and soluble solids. The gelling temperature and the speed of gelation 
are both dependent on the degree of methylation of the pectin. Thus the 
gelling temperature range varies from less than 60°C to 95°C and gel set 
time from over three minutes to less than one minute can be achieved by 
increasing the degree of methylation from 60%, in an extra slow pectin, 
to 85% in an ultra rapid set pectin. In addition, pectin is used in a 
yoghurt drink. When a yoghurt is ultra-pasteurised, the casein is at or 
below its isoelectric point and has a tendency to coagulate. High 
methoxyl pectin is added to stabilise the casein by virtue of its protective 
action, and also pectin gives more body to the yoghurt drink (Morley, 
1984). 
3.4 SOURCE AND EXTRACTION OF PECTIN 
Pectin is principally obtained by extraction from unripe fruit 
wastes. The pectin content of ripe fruits is substantially less than that 
of unripe ones. The pectin used by industry comes in two forms. A 
liquid pectin is usually obtained from apples extracted with acid followed 
by screening, centrifuging, a degradation of starch, decolorising and 
filtration, then purified and concentrated (Gierschner, 1981; May, 1988). 
On the other hand, dry pectin is usually obtained from citrus fruits such 
as lemon, orange or grape fruits. In addition to these sources, many 
investigators are attempting to find additional or alternative sources of 
pectin. The neutral sugars and uronic acid content of a variety of fruit 
and vegetable cell walls have been reported (Table 3.1) and there were 
significant variations in the relative amounts of each sugar present in the 
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Table 3.1 Pectin and cell wall neutral sugars from various fruits 
and vegetables 
Fruit/vegetable Neutral sugars Uronic acid Total (pg/mg) ( pg/mg) ( pg/mg) 
Apples 502.5 328.0 830.5 
Carrots 440.0 312.0 752.0 
Cherries 282.0 308.0 590.0 
Cucumbers 438.0 216.0 654.0 
Mangoes 390.0 322.0 712.0 
Onions 459.0 229.0 688.0 
Papaya 394.0 357.0 741.0 
Pears 434.0 171.0 605.0 
Potatoes 690.3 270.0 960.3 
Raspberries 269.0 148.0 417.0 
Runner beans 476.2 367.0 843.2 
Strawberries 301.0 274.0 575.0 
Sources: Selvendran (1983) and Voragen et al. (1983) 
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cell wall (McCready and McComb, 1952; Selvendran, 1983; Voragen et al., 
1983). 
Sabir et al. (1976) extracted pectin from sunflower heads as a 
commercial source of low methoxyl pectin and claimed that the yield of 
pectin reached 33% on a dry weight basis. Tomato pectin was studied by 
Stein and Brown (1975) and Brown and Stein (1977) and they concluded 
that total pectin fractions and compositions did not differ between the 
two varieties studied. In addition, pectic substances were extracted from 
plum fruit tissues of three varieties using sodium hexametaphosphate to 
obtain the whole pectin of dried materials (Boothby, 1980). Furthermore, 
pectin from cherry was fractionated and extracted and it was found that 
each fraction contained mainly galacturonic acid and other neutral sugars 
such as arabinose, galactose and rhamnose (Barbier and Thibault, 1982) 
(Table 3.1). 
Date pectins have had little attention from researchers because 
most date producing countries are developing countries, except the USA, 
although in that country date pectin was not investigated for commercial 
production. However, most of the little work done on date pectin has 
been carried out, on the laboratory scale. Coggins et al. (1968) reported 
that date contains 6% of dry mesocarp in the Deglat Noor Variety. 
Moreover, Al-Jasim and Al-Ani (1973) investigated pectic substances in 
some Iraqi dates at different stages of maturity. In addition, Nezam Eldin 
et al. (1984) reported the contents of Zahdi dates for total pectin, neutral 
pectin, crude pectic acid and water soluble pectin (Table 3.2). However, 
information about Saudi date pectins is not obtainable from up-to-date 
literature. 
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Table 3.2 Pectin content of date fruits 
Variety Term used Total pectins Reference 
Deglet Noora Natural 8 Coggins et al., 1968 
No. 1 Dry 9 IT 
Khadrawib Kimri 1.47 - 1.81 
Khalal 1.64 - 0.55 
Rutab 1.09 - 1.40 
Tamar 1.73 - 1.45 
Al-Jasim and Al-Ani, 1973 
if 
it 
11 
Khastaawib K'imri 2.23 - 2.26 Al Jasim and Al-Ani, 1973 
Rhalal 1.72 - 1.50 it 
Rutab 1.38 - 1.48 if 
Tamar 1.25 - 2.14 It 
Zahdib Kimri 1.94 - 1.94 
Khalal 1.53 - 1.44 
Rutab 1.45 - 1.80 
Tamar 1.51 - 2.15 
Al-Jasim and Al-Ani, 1973 
it 
11 
it 
Zahdic Crude pectinic acid 1.664 Nezam, El-din et al., 1984 
Neutral pectin 0.596 if 
Soluble pectin 1.216 it 
a- Analysis of outer and inner mesocarp tissues expressed as 
% on dry weight. 
b- Expressed as % dry weight from the beginning and the end of 
each stage of maturity. 
c- Results are expressed as g/100 g dry weight. 
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3.5 MODE OF PECTOLYTIC ENZYME ACTION 
3.5.1 General definition and reactions 
Units: There are generally two units of enzyme activity. First, 
the Arbitrary Unit, which indicates the activity of the enzyme to catalyse 
a reaction of the substrate and cannot be determined by chemical 
composition of the enzyme because of the similarity between active and 
inactive forms. The activity can only be measured qualitatively by 
measuring the rate of the reaction. Reed (1975) stated that there is a 
large number of varying definitions of enzyme units. This is caused by 
the desire to base a definition of enzyme units on the experimental 
conditions that reflect the practical use of the enzyme. For instance, 
units of an amylase used in the production of corn syrup will be expressed 
in terms of reducing sugars formed, while an amylase used in the 
liquefaction of starch is expressed in terms of the viscosity r of starch 
paste. However, the quantitative activity of enzymes gives an indication 
of how much enzyme should be used to achieve a required effect. In 
addition, activity also serves as a basis for estimated product and 
maintenance costs (Fullbrook, 1983). Secondly, the International Unit 
definition is: one unit (u) of any enzyme is that amount which will 
catalyse the transformation of one micromole of the substrate per minute 
under defined conditions. However, in the case of pectin the definition 
should consider 'one microequivalent of the group concerned instead of the 
substrate because the pectin is a polymer and more than one bond can be 
attacked (Anon., 1978). In addition to the previous units, there is specific 
and molecular activity. The former is used when the enzyme obtained is 
in pure form and defined as the'number of enzyme units per milligram of 
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enzyme protein. The latter indicates the activity expressed as the units 
per micromole of enzyme at optimal substrate concentration. However, 
Reed (1975) stated that it is rarely possible to use the term molecular 
activity for work with enzymes in food processing because, generally, 
commercial enzyme preparations are mixtures and have relatively low 
purity. 
Enzyme reactions: For most enzymes, the rate of the reaction is 
proportional to the concentration of enzyme; however, this rate will fall 
off after passing the initial stage. The reduction in reaction speed might 
be due to the exhaustion of the substrate or inhibition by its end product. 
On the other hand, the effect of substrate concentration on the initial 
velocity of an enzyme reaction is of great importance for both practical 
and theoretical uses of enzymic reactions. Furthermore, it assumes that 
the enzyme forms a complex with the substrate and that the complex 
dissociates into the free enzyme (which can be immobilised and re-used) 
and the end product of the enzymic reaction (Fig. 1.4). The enzyme- 
substrate reaction can be summarised mathematically by the following 
equation: 
Vr - 
Vmax S 
K+S 
where Vr = reaction velocity and Vmax = velocity of the reaction at high 
concentration of substrate (Holme and Peck, 1983). 
K= Michaelis constant and S= Substrate concentration. 
This shows clearly how substrate concentration affects the rate of 
the enzymic reaction. For very large values of S, the sum K+S 
approaches S and the velocity, Vr, approaches the maximum velocity, 
Vmax. For very small values of S, the sum K+S approaches K and the 
reaction velocity, Vr, is proportional to S. 
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There are two orders of reaction, Zero-Order which indicates that 
the substrate concentration remains essentially constant and present in 
excess and the amount of product formed is proportional to time. For 
such reactions, the amount of end product is doubled if the time of the 
reaction is doubled. When the continuing decrease in substrate 
concentration takes place, and the reaction will slow down with time, this 
is called First-Order reaction. . However, Fullbrook (1983) stated that 
there are three phases of reactions; phase one is the transient initiation 
phase which proceeds for a few seconds duration. The second phase is 
the initial reaction rate and finally, the third phase is the main reaction 
up to completion. He concluded that the latter phase is of primary 
concern to industry., In addition, there are more points of concern, such 
as the time of reaction, temperature and competitive, non-competitive 
and uncompetitive inhibition. 
3.5.2 Classification of pectolytic enzymes 
The change in structural polysaccharide in plant tissues during 
ripening, postharvest storage and processing is caused either by the action 
of their native or commercial pectic enzymes. The pectic enzymes are 
defined and classified by their actions on the backbone of pectic 
substances (Rombouts and Pilnik, 1978). ' Pilnik and Rombouts (1981) stated 
that the pectic enzymes are glycosidases and lyases which depolymerise 
the molecular chain without affecting the degree of esterification and 
esterases which deesterify pectin, without changing the degree of 
polymerisation, and splitting off methanol. 
Pectin lyases: only attack pectin molecules with a high degree 
of esterification. The position of attack is endo of the pectin chain at 
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random. As a result the pectin will become less viscous, and this lesser 
viscosity can be used to measure the enzyme activity. The action of this 
class is a beta-elimination mechanism which produces methylated 
galacturonic acid (Endo, 1961,1965; Gierschner, 1981). (Fig. 3.1). Pectate 
lyases are the second class of pectolytic enzymes depolymerising partially 
or completely deesterified pectins. This class has two types: pectate 
exo-lyases produce unsaturated dimers from the reducing end of pectin 
molecules near the carboxyl group while the pectate endo-lyases split the 
pectin molecules at random. Pilnik and Rombouts (1981) indicated that 
pectate endo-lyases can still degrade trigalacturonate and unsaturated tri- 
galacturonate, while for pectate exo-lyases, the best substrate is pectate 
and the lowest oligomer which they can still split is the trimer. The third 
class is polygalacturonases, which hydrolyse pectic acid, and are found as 
exo and endo polygalacturonases. The degree of esterification affects 
their actions in parallel with a noticeable reduction in rigidity of the 
substrate. Their action is a single chain multiple attack mechanism and 
mono, di and trimers will be accumulated as end products. The action 
started by a single random hydrolytic scission is followed by a number of 
non-random attacks on one of the products, resulting in the liberation of 
oligomers (Gierschner, 1981; - Pilnik and Rombouts, 1981). Finally, 
pectinesterases, the deesterifying enzymes which act by a transformation 
mechanism - thus transferring pectins into lower ester pectins and pectic 
acid to free carboxyl groups as well as free methanol, which are liberated 
and can be used to measure the activity of these enzymes. These are 
very specific for the methyl ester of polygalacturonic acid. Pectin- 
esterases attack pectin molecules either at the reducing end or next to 
the free carboxyl group, and then proceed along the molecule by a single- 
chain mechanism, creating regions of free polygalacturonic acid. Further 
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evidence for this single-chain mechanism is the fact that reduction of 
some ester groups to primary alcohol or transformation of some ester 
groups into amide groups have a strong inhibitory effect (Gierschner, 1981; 
Pilnik and Rombouts, 1981). 
3.6 APPLICATION OF PECTOLYTIC ENZYMES 
Pectolytic enzymes are commonly used to depolymerise pectin 
substances by either hydrolytic or transelimination mechanisms which 
include, first, solubilisation of insoluble pectin bound to suspended 
particles followed by reduction in rigidity of soluble pectin and finally 
flocculation of suspended particles. These mechanisms are used for juice 
clarification as well as for liquefaction of mashes of fruits and vegetables 
to ease the extraction of the juice (Endo, 1965; Ishi and Yokotsuka, 1971, 
1972,1973; Gierschner, 1981; Kilara, 1982; Bicherstoff, 1987; Stanton, 
1988). The actions of these enzymes on fruit and vegetable juices can be 
summarised as follows: 
1. facilitate filtration, pressing and centrifugation 
2. elimination of clouds 
3. improve colour extraction 
4. shorten extraction time 
5. higher yield of extracted fruit and vegetable juices 
6. rational and efficient treatment of fruit and vegetable juices at 
minimum cost and 
7. obtain complete depectinisation 
However, these actions are limited to the type and conditions of enzymes 
as well as the variety and stage of development of fruits and vegetables. 
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Moreover, some fruits and vegetables have received more attention in the 
application of pectolytic enzymes for juice clarification or extraction as 
in apples, citrus, grapes, berries, tomatoes .. etc. Dates, however, have 
not been studied for their juice clarification or extraction using pectolytic 
enzymes but there are some studies on pectin changes during storage or 
different stages of maturation and development (Hasegawa et al., 1969). 
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- CHAPTER FOUR - 
VARIETY OF DATE USED 
4.1 INTRODUCTION 
The Sufri variety is one of the most widely distributed and 
cultivated dates in Saudi Arabia (Fig 4.1). In addition, this variety is 
known to produce high yields of fruits which might reach sometimes 200- 
300 kg/tree (Khalifa et al., 1983; Sawaya, 1986). The quality of dates 
varies from one region to another, however, there is a surplus of this 
variety in the local market all year indicating the need for processing of 
this surplus to products and by-products. 
Sufri date fruits were brought from Saudi Arabia in plastic bags at 
Tamar (full ripe) stage and frozen to minimise biological changes. Fruits 
before processing and analysis were sorted to eliminate infected, damaged, 
shrunken and dirty fruits then pitted, cleaned by flushing with water and 
the fruits frozen (to minimise the adsorption of moisture which could lead 
to errors during the composition analysis) then spread and dried by passing 
dry air at low temperature and cut into pieces before other processing 
steps. 
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Fig-41 Distribution of Sufri date variety in different 
Regions of Saudi Arabia 
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4.2 EXPERIMENTAL MATERIALS AND METHODS 
4.2.1 Physical properties 
Physiologically, the date fruit is composed of a stone located in 
the centre surrounded by a layer called the endocarp. The flesh is made 
of two layers, the inner mesocarp and the outer mesocarp (Fig 4.2). Fruit 
sizes (length and diameter) were measured with a micrometer and 
classified accordingly into small, medium and large sizes (Fig 4.3). Flesh 
and stone weights were determined with an analytical balance. 
4.2.2 Chemical composition 
4.2.2.1 Moisture 
A sample (5 g) was dried in a hot air oven for 20 hrs at 105°C, 
the average weight loss was calculated and expressed as a percentage of 
the original sample weight. 
4.2.2.2 Protein 
4.2.2.2.1 Crude protein 
Was determined using a micro Kjeldahl procedure (Kjetic system 
1002, distilling unit, West Germany) and expressed as percentage of sample 
weight. 
4.2.2.2.2 Amino acids 
Date fruits were analysed for amino acid content using an amino 
acid analyser (model Chromaton 500, Kontron, England). The samples 
were digested with 6N HCL for 22 hrs at 110°C, the digests centrifuged 
and 1 ml of the supernatants was dried in a vacuum desiccator for 24 
Fig 4.2 Morphology of Sufri date at Tamar stage 
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hours, then 1 ml distilled water was added and dried as above and dried 
matters was dissolved in 1 ml of loading buffer and analysed. 
4.2.2.3 Alcohol insoluble matter (Aim) 
Date pieces were blended for 1 min in a Waring blender at low 
speed for homogenisation. The blended pieces were accurately weighed 
and boiling 95% ethanol added in the ratio 3: 1 alcohol to dates and 
blended again for 1 min, filtered through Buchner funnel No. 3. The 
residue was blended twice with boiling 80% ethanol at the same ratio of 
alcohol to dates, filtered each time through the same funnel. The residue 
was collected in weight plate and dried in hot air at 50°C for 20 hrs then 
weighed to obtain the Aim, expressed as percentage of the original 
weight. 
4.2.2.4 Pectin 
4.2.2.4.1 Gross pectin 
Dried Aim (20 g) was poured into a large beaker (2 L) and distilled 
water (300 ml) added, sodium hexametaphosphate 1.2 g added and the pH 
adjusted to 4.0 using pH meter with temperature controller at 90°C. To 
the mixture 2g of filter paper pulp were added as a filter aid. The 
mixture was heated with gentle stirring on a thermostatic heater until the 
temperature reached 90-95°C. Any evaporated water was replaced but 
not after the last 30 min of heating. After 30 min of heating the pH was 
checked and at the end of boiling, silica powder was added as a filter aid. 
The mixture was filtered through ashless filter paper (No. 541) into a 
graduated bottle in an ice bath and when the mixture became cool, the 
volume was measured and 2 volumes of chilled 99 ethanol containing 
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2 ml/L of HCL were added, gently stirred by glass rod, poured into a 
separation flask and allowed to stand in the ice bath for 1 hr. The cold 
mixture was filtered through weighed cheese cloth and the residue washed 
3x with acidified 50% ethanol then washed with 2 volume acetone. The 
residue and cheese cloth were dried at 40°C in a hot air oven for 20 hrs 
and the pectin was expressed as percentage of the original weight. 
4.2.2.4.2 Fractionation of pectin 
Pectin matters were fractionated according to their solubility in 
different solvents; water, 1% ammonium oxalate, 0.05 N hydrochloric acid 
and in 0.05 N sodium hydroxide. Ten grams of the dried Aim was 
dissolved in water (500 ml), stirred for 1 hr and centrifuged for 20 min at 
3000 rpm. The supernatant was collected as water pectin fraction (WPF). 
To the slurry 1% ammonium oxalate (200 ml) was added and the fraction- 
ation proceeded as above. The supernatant was collected as oxalate 
pectin fraction (OXPF). The same amounts of 0.05 N HCL and then 
NaOH were added to the slurries and the supernatants were collected as 
hydrochloric acid pectin fraction (HCPF) and sodium hydroxide pectin 
fraction (SHPF). The pH of each fraction was adjusted to 5 with 
0.1 N HCL and the supernatant of each fraction was concentrated in a 
rotary evaporator at 40°C and the pectin was precipitated by the addition 
of 3 volumes of 95% ethanol, solubilised in water then dried at low 
temperature and weighed. The fractionation of each faction was repeated 
3 times. 
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4.2.2.4.3 Gel permeation chromatography 
Exactly 0.1 g of ground dried pectin was dissolved in mobile phase 
(100 ml, citrate buffer pH 4.0) with 0.02% sodium azide as preservative 
and to reduce ionic fluctuation. This pectin solution was filtered through 
micro filter paper and a 200 pl loop was used for injection. A standard 
solution was prepared in the same manner containing glucose, galacturonic 
acid, dextrans T10, T40, T70, T500 and blue dextran. A differential re- 
fractometer (Waters 410) was used as a detector. A fast protein liquid 
chromatography system was used (Pharmacia, Milton Keynes, England). 
Molecular weight, (Mw) of date pectin was determined from log Mw and 
elution volume plots using fractogel packing. 
4.2.2.5 Sugars 
4.2.2.5.1 Enzymic analysis 
The major sugars in this variety of date were monosaccharides, 
mainly glucose and fructose with trace amounts or no sucrose. The 
determination of these sugars was done using test combinations (Methods 
of enzymatic food analysis, Boehringer Mannheim GmbH, 1986) 
4.2.2.5.2 Theoretical curve of glucose and fructose analysis 
Different concentrations of a glucose and fructose mixture (1 :1 
ratio) were prepared from 5 to 50% (w/v) in distilled water at 10% 
intervals and solubility was determined using Abbe refractometer at 20°C 
and a simple computer program was created to determine sugars in the 
extract. 
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4.2.2.5.3 High performance liquid chromatography (Hplc) 
1. Sample preparation: Date pieces (10 g) were weighed into a 
Waring blender and distilled water (100 ml) added and blended for 
5 min. The date water mixture was shaken for 2 hrs at 200 rpm 
and at 50°C to dissolve most of the monosaccharides in water. 
The extract was filtered through quantitative ashless filter paper (no 41), 
the residue extracted with boiling 80% ethanol in blender for 5 min, the 
alcohol evaporated using rotary evaporator and the supernatant added to 
the filtrate. The combined mixture was filtered through 0.45 pm filter 
paper before injection. 
2. Solvents: degassed purified water was filtered through 0.2 pm 
filter paper prior to use. The mobile phase (80/20 acetonitrile 
HPLC grade: to water) was degassed and covered with layer of 
helium during the analysis. 
3. Standard: was prepared by dissolving glucose and fructose 
(2% w/v) in degassed and filtered distilled water. An amount 
(5 pl) of the standard as well as the sample was injected and the 
amount of sugars in the sample determined using recorded peak 
area compared with standard peak area. 
4. Approximate Column Operating Conditions; chromatographic 
column, amino - bonded 10 N silica 3.9 mm x 36 cm (Waters 
association) began pumping solvents at low rate increasing the flow 
rate to 1.0 ml/min from Gilson pump model 420 (Kontron 
Instruments, England) and allowed to equilibrate for 40 min. 
Integrator and plotter (Kontron Instruments) were used for 
integrating and plotting. 
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4.2.2.6 Solubility 
Determined according to Lees (1975) using date pieces (5 g) with 
addition of 0.06 % sodium metabisulphate as preservative, after drying, 
the weight of the preservatives was subtracted and the solubility was 
expressed as percentage of the original weight. 
4.3 RESULTS AND DISCUSSION 
4.3.1 Physical properties 
Date fruits can be classified according to their weight and sizes 
into small, medium and large. The measurements of sizes and weights of 
Sufri variety fruits are presented in Table 4.1. It appears from the 
results that there is a distinct variation within the same variety in the 
flesh at Tamar stage of development which will be of great concern to 
the processor and the packer. Also this variation will have some 
economic influence on the end user and the utiliser. On the other hand, 
the variation is much smaller between the stone weights which can be 
used as a by-product for oil extraction and animal feeds. Hussein et al. 
(1974) and Khalifa et al. (1983) classified date fruit weight into three 
groups; large fruits that weigh more than 15 g, medium ones weigh 
between 10-15 g and the last group weighing less than 10 g. However, 
this classification was overestimated and has no size measurements. It 
has been reported that Sufri variety at Tamar stage weighed 9g and was 
33 and 19.2 mm in length and diameter respectively (Sawaya et al., 
1983c). However, the present work results varied from their findings and 
has a complete classifications of size as well as weight to enable the 
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Table 4.1 Physical properties of Sufri date fruit variety at 
Tamar stage 
Date fruit wt () Weight % Fruit Size 
Date fruit group whole fruit) flesh stone diameter (mm) length mm 
Small 
Medium , 
Large 
5.44 90.7 9.2 10 30 
5.56 84.4 15.6 10 28 
5.15 89.3 10.7 8 27 
7.5 90.8 9.2 13 40 
7.5 90.9 9.1 13 38 
7.6 90.8 9.2 13 37 
12.1 93.0 7.0 15 45 
12.3 93.5 6.5 13 47 
12.8 93.3 6.7 15 45 
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processor and the packer to manipulate and process date fruits into 
different products. 
4.3.2 Chemical composition 
4.3.2.1 Moisture 
Depending on the variety and stage of development, moisture 
ranged from 80 to 10% at Kimri to Tamar stage respectively (Dowson and 
Aten, 1978, Khalifa et al., 1983, Sawaya et al., 1983c), and the result of 
this work (Table 4.2) is within this range. Moreover, moisture content is 
inverse to increasing soluble solids content of dates at different stages of 
maturity and has a major role during fruit changes as a medium for 
chemical interactions between various nutrients as well as for micro- 
organisms that deteriorate date components. Moisture also can be used 
as an indicator of fruit shelf life during storage and handling through its 
water activity, which explains that dates at Tamar stage can be stored 
for much longer than at Khalal stage under mild conditions. 
4.3.2.2 Protein 
4.3.2.2.1 Crude protein 
Protein was found as an average of 1.4-2.0% of edible portion of 
Sufri date (Table 4.2). Watt and Merill (1963) reported that protein 
content of dates was around 2.2%. However, other researchers indicated 
that protein content of Sufri date at Tamar stage was in the range of 
1.7-3.6% (Khalifa et al., 1983; Sawaya et al., 1983c; Sawaya, 1986). The 
result of the present work was within the above range. However, the 
variation between the different workers' results could be related to the 
time of harvesting, location of the variety, age of the plant and its source of 
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Table 4.2 Major components of Sufri date variety at 
Tamar stage 
Present work Previous work 
Components 
quantity (%) quantity (%) 
References 
moisture 10.0 10.7 Sawaya et al. (1983c) 
protein 1.7 3.6 Sawaya (1986) 
Aim 2.2 ND 
pectin 3.32 ND 
wpf 1.66 ND 
oxpf 0.56 ND 
hcpf 0.34 ND 
shpf 0.76 ND 
solubility ND 
unblended 73.0 ND 
blended 77.4 ND 
sugars abc 
total 73.04 70.6 84 82 Sawaya (1986) 
glucose 37.07 36.1 42 41 rr r, 
fructose 35.97 34.5.42 41 
wpf 
oxpf 
hcpf 
shpf 
a 
b 
c 
ND 
Water pectin fraction 
Ammonium oxalate pectin fraction 
Hydrochloric acid pectin fraction 
Sodium hydroxide pectin fraction 
Determined by hplc analysis 
Determined by enzymatic analysis 
Determined by theoretical curve 
Not determined 
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nutrients. Generally, date contains a small amount of protein but is rich 
in essential amino acids which can contribute nutritional value to the 
human diet and animal feeds. In addition, protein will affect the 
processing and later use of date as a source of juice by colour changes 
and during concentration and purification of reducing sugars. 
4.3.2.2.2 Amino acids 
The individual and total amino acids of raw date were presented 
as mg/100 g of edible portion (Table 4.3). It appears from the results 
that aspartic acid, lysine and glutamic acid are the major amino acids in 
this type of date variety. However, seventeen amino acids were identified 
with significant amounts of essential amino acids which suggests that 
protein in this variety is of high quality. The result of this work is 
comparable with the result of El-Rawi et al. (1967) who determined the 
chemical scores in order to obtain nutritional value and quality of date 
protein. In addition, Auda et al. (1976) reported the amino acid content 
of Zahdi variety, which fits into the same class as this variety, at Tamar 
stage with a high amount of glutamic acid, alanine, aspartic acid, glycine 
and lysine. They concluded that date fruits are not very poor in protein 
and amino acids. 
4.3.2.3 Alcohol insoluble matter 
Date pieces were extracted with ethanol at different times and 
results (Fig 4.4) indicated that using sequential extraction leads to a 
reduction in weight of Aim but resulted in more clear material because 
most pigments and small molecules (mainly sugars) were discarded during 
the preparation. However, Aim of this variety range from 1.2-2.2% fresh 
weight. Stein and Brown (1975) and Brown and Stein (1977) studied 
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Table 4.3 Amino acid composition of unprocessed raw Sufri 
date fruits (edible portion) 
Sample 
Amino acid DR1 DR2 DR3 
mg/100 g g/100 gN mg/100 g g/100 gN mg/100 g g/100 gN 
Aspartic acid 265 110.4 217 90.4 257 107.1 
Threonine 57 23.7 49 20.4 48 20.0 
Serine 68 28.3 67 27.9 64 26.7 
Glutamic acid 228 95.0 207 86.3 257 107.1 
Proline 139 57.9 135 56.3 140 58.3 
Glycine 123 51.3 100 41.7 112 46.7 
Alanine 127 52.9 113 47.1 126 52.5 
Cystine 16 6.7 15 6.3 16 6.7 
Valine 67 27.9 59 24.6 71 29.6 
Methionine 22 9.2 26 10.8 35 14.6 
Isoleucine 51 21.3 46 19.2 72 30.0 
Leucine 90 37.5 81 33.8 94 39.2 
Tyrosine 30 12.5 34 14.2 42 17.5 
Phenylalanine 52 21.7 55 22.9 62 25.8 
Lysine 59 24.8 50 20.8 52 21.7 
Histidine 32 13.3 27 11.3 30 12.5 
Arginine 102 42.4 104 43.3 106 44.2 
Total 1528 1385 1584 
DR1: Raw Sufri date fruit blended for 1 min and dried at 40°C overnight. 
DR2: Raw Sufri date fruit blended three times with boiling 95% 
ethanol for 1 min each and dried. 
DR3: Raw Sufri date fruit blended for 1 min and digested for analysis 
without drying. 
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alcohol-insoluble solid levels of tomato cultivars and stated that levels 
ranged from 1.22-1.75% fresh weight while Boothby (1980) found dry solids 
after ethanol extraction of plums was 2.16%. Their findings are in 
agreement with the present work indicating Aim is found in soft fruits and 
vegetables in small amounts. 
4.3.2.4 Pectin 
Results of gross and fractionated pectins (Table 4.2) of Sufri date 
were found in the range of 1.9-3.32% depending on the extraction 
conditions as well as the stage of maturity. Generally, date fruits contain 
small quantities which ranged from 1.0-1.9% at Tamar stage of maturity 
(Al-Jasim and Al-Ani, 1973) while Nezam Eldin et al. (1984) found date 
fruits of the Zahdi variety contained 2.23% as a total pectin. This 
amount of pectin can be utilised as by-products. None of the above 
workers fractionated the pectin of date fruits, however, other workers 
fractionated pectin of different fruits and reported similar results of 
pectin solubility in different extraction solvents (Stein and Brown, 1975, 
Brown and Stein, 1977, Barbier and Thibault, 1982). 
El-Newawi and Shehata (1987,1988) studied factors and quality of 
Egyptian orange peel pectin as a result of extraction and their results 
were comparable with the present results (Fig 4.5 and Fig 4.6). However 
their studies excluded pH effect on pectin extraction while Sabir et al. 
(1976) stated that the yield of pectin was a maximum at pH 4.5 which is 
slightly different from the present findings which showed steady yields 
beyond 95°C and-pH 3.5. -Therefore, 
it can be concluded that pectin is a 
unique component in its solubility as well as structure and the author 
79 
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found that preparation and method of extraction had a major effect on 
the pectin yield. 
4.3.2.5 Sugars 
4.3.2.5.1 Enzymic analysis 
It has been reported that reducing sugar content of Sufri date of 
Tamar stage was within the range 70-84% (Hussein et al., 1976; Sawaya 
et al., 1982, Sawaya, 1986). Moreover, these sugars were at a minimum 
in the early stage (Kimri), but because of invertase activity sucrose was 
converted to these reducing sugars at the later stage. However, 
enzymatic analysis was not used by the above mentioned workers, 
therefore the result of the present work (Table 4.2) was in agreement 
with the previous results. Furthermore, sugars and moisture were used to 
classify dates into different classes of rigidity, while the author believes 
pectin may be involved as a parameter in this classification. 
4.3.2.5.2 Theoretical curve of glucose fructose analysis 
The consideration of the ratio (nearly 1: 1) of glucose to fructose 
in Sufri date at Tamar stage (Sawaya et al., 1982) was created in the 
preparation of this curve. The result (Table 4.2) indicated that reducing 
sugars are within the found range (Section 4.3.2.5.1) and the variation 
could be related to other soluble solids or to the physical differences 
between date fruits, or perhaps to the variation in temperature at the 
time of analysis. However, the variation was not beyond the reported 
range. 
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4.3.2.5.3 High performance liquid chromatography (Hplc) analysis 
This technique is used specifically to separate the individual sugars 
according to their steric and number of hydroxyl functional groups. The 
analysis (Table 4.2) indicated that reducing sugar content of Sufri date 
was within the reported range (Section 4.3.2.5.1) and the ratio of glucose 
to fructose was almost 1 :1 which was expected at this stage of maturity. 
However, more detail of these analyses will be found in Chapter Seven. 
4.3.2.6 Solubility 
Water is a strongly associated liquid whose molecules are 
hydrogen-bonded to each other. A substance cannot be dissolved in water 
unless it is capable of disrupting the water structure, a process that 
involves bonding of water molecules to a solute or its components. 
If the solute is a crystalline solid, its tendency to enter the 
solution and be, solvated is opposed by the forces binding ions, or 
molecules in the structure. The solubility of a solid is determined by the 
result of these opposing effects (Kolthoff et al., 1969). However, the 
solubility measurement is important in dissolving salts or organic matter 
in the solution. In addition, it is a parameter to be considered in order 
to determine how much material can be extracted using water and is an 
indicator of the soluble solid content. Thus Sufri date solubility was 
determined (Table 4.2) and it was in agreement with the reducing sugar 
content. 
4.3.2.7 Gel permeation chromatography. (Gpc) 
Calibration of gel permeation chromatography is the most 
important parameter to be considered. A standard curve is required to 
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relate the raw data as elution volume distribution and sample weight, and 
as a result, a transformation to molecular weight is needed. This can be 
obtained by a calibration curve procedure which uses either coefficient 
of distribution (Kd) or molecular weight of dextran standards (Fig 4.7). It 
was shown that by using dextrans there was a variation due mainly to the 
polydispersity and operational factors. Dextrans are not ideal but because 
of their solubility are used in the same mobile phase. Using ultra- 
centrifugation as an alternative (Ball et al., 1988), despite its accuracy, 
was time consuming. Furthermore, using a combination of gpc/lower angle 
laser light scattering (Cael et al., 1981) with polystyrene for calibration 
was not possible because it is not soluble in our mobile phase, therefore 
cannot be used. The characteristics of the standard should be as near 
monodisperse as possible and soluble in the mobile phase used. However, 
polydispersity of dextrans was a limiting factor which might be overcome 
by fractional precipitation (Alsop and Vlachogiannis, 1982). Moreover, 
pullulans preparations were used to calibrate gel permeation (Kawahara 
et al., 1984) but Deckers et al. (1986) stated that despite the mono- 
dispersity of pullulans, generally it is not possible to calibrate gpc columns 
using them as standards because they are different from the polymers to 
be analysed (pectins). As overmentioned, dextrans were used as standard 
by the aid of computer to calculate the molecular weight of raw date 
fruit pectin. The result (Table 4.4) indicated that date pectin molecular 
weight is in the range of 5x 105., - 7x 105. This result requires further 
investigation to visualise chemico-physical properties (future work). 
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Table 4.4 Gel permeation chromatography of date pectin and other 
pectins according to coefficient of distribution and 
elution volume 
Type of pectin Elution volume Kd 
Glucose 
Date pectin 
Citrus pectin 
Genu pectin: 
Batch No. 73317 
Batch No. 71329 
Batch No. 81893 
a 
b 
c 
d 
Kd 
108 1.0 
44.86 0.03 
47.95 0.08 
47.25 0.07 
48.25 
a 
47.42 
0.08 
bcd 
106 0.07 0.97 
peak-i 
peak-2 
Kd for peak-1 
Kd for peak-2 
distribution coefficient 
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- CHAPTER FIVE - 
PHYSICAL TREATMENT 
5.1 INTRODUCTION 
Destruction of date fruit cells to release their constituents as a 
means of mass transfer is achievable by applying different treatments such 
as microbial deterioration, chemical reaction, physical destruction of cell 
structure or combinations of two or more of the above treatments. 
However, selection of one of these treatments depends on the effective- 
ness and availability of materials and equipment and the economical 
feasibility of applying particular treatments. Thus, date fruits were 
macerated with water as solvent in a combination with physical means 
(shaking and blending) with/without mild heat hoping to soften date fruit 
cells and increase the release of soluble solids. 
5.2 EXPERIMENTAL MATERIALS AND METHODS 
5.2.1 Pre-treatment 
5.2.1.1 Maceration 
Date pieces were macerated with distilled water as pre-treatment 
at different temperatures and a fixed time (10 min). Juice yield, 
refractive index, turbidity, and soluble solids were measured. The date 
fruit pieces were also macerated with different ratios of the extraction 
solvent (water) ranging from 1: 2 to 1: 10 (date/solvent) for 10 min at 
87 
50°C. All the parameters as above were measured and only four ratios 
were studied in more detail. 
5.2.1.2 Shaking_ 
Date fruit pieces were shaken at different speeds with 1: 2.5 ratio 
(dates : water) in an Orbitary incubator (model 0972 Gallenkamp, England) 
at 20°C for 10 min, blended, centrifuged then refractive indexes were 
measured. 
5.2.1.3 Blending 
Date fruit pieces were blended at low speed for different times 
(seconds) and refractive indexes were measured as in section 5.2.1.2. 
Particle size after blending was determined using a Malvern Instrument. 
5.2.1.4 Centrifugation 
Date fruit pieces were macerated at a fixed time (10 min) and 
fixed temperature (50°C) and blended then centrifuged at different times 
(minutes). The overflow was measured and expressed as juice yield and 
the moisture content of the underflow was measured. In addition, pressing 
was applied using a presser developed in this laboratory consisting of a 
heavy arm attached to a plate connected to the arm by a flexible screw 
in order to pull it up and out for cleaning or after use. Under the plate 
is a hole for outlet juice through a small flexible pipe (Fig 5.1). 
5.2.1.5 Effect of pH 
Date fruit pieces were macerated as above with water, pH was 
adjusted with citric acid to create an acidity range (pH 3 and 5) and an 
Fig 5.1 Flexible press developed to handle a small 
quantity of date underfiow suitable for 
experimental use 
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alkaline range ' (pH 9 'and 11). The pH adjustment was made before or after 
blending. Moreover, the natural pH (7) was included in both treatments. 
5.2.1.6 Theoretical curve of soluble solids 
A certain, volume of date fruit overflow (1 :3 ratio) was freeze- 
dried, in a freeze-drier (Edwards, England), and different concentrations 
of dried materials were prepared in water ranging from 5 to 50% and an 
Abbe refractometer . was used to measure the refractive index at 20°C 
using water as a reference. 
5.2.1.7 Glucose-fructose mixture curve (1 :1 ratio) 
Different concentrations (5-50%) were made of a glucose and 
fructose mixture in water allowed to dissolve completely and the solubility 
was determined, by Abbe refractometer. A solubility curve was created 
and will be used to, predict these two sugars in the date overflow. 
5.3 TREATMENT 
Single Extraction: Date pieces were macerated with different 
ratios of water '(1: 2,12.5,1: 3 and 1: 4 date/water) at various 
temperatures with a maximum of 60°C for different times with 30 min as 
a maximum. Overflow volume was measured and soluble solids were 
determined by three methods, refractive index (RI), freeze-drying and hot 
air oven. The above ratios were blended for 60 seconds, centrifuged and 
filtered and the overflows and underflows were evaluated and analysed. 
Series extraction: The underflows of the single extraction were 
extracted with the same ratio or a lower ratio as shown in Fig. 5.2. All 
the following evaluation and analysis parameters were tested unless 
90 
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Fig. 5.2 Flowsheet of physical treatment of a single 
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otherwise stated. However, ratio 1: 3 was extensively investigated 
because of its suitability to the available equipment and practical 
feasibility, and it might have economical advantage during concentration. 
5.3.1 Sugars 
Sugars, glucose and fructose were determined by Hplc, enzymic 
method and using a theoretical curve as described in the previous sections. 
5.3.2 Moisture 
Exactly 5g of processed date fruit pieces were dried in a hot air 
oven at 105°C for 20 hrs, cooled in a desiccator and weighed. 
5.3.3 Weight loss 
Date fruit processed underflows were homogenised and 5g weighed 
and dried at 50°C for 6 hrs in a hot air oven, cooled in a desiccator, 
weighed and the weight loss was expressed as a percentage remaining by 
applying this formula: 
wt = 
Wd 
x 100 
wi 
where Wd is the weight after drying and Wi is the initial weight. 
5.3.4 Protein 
5.3.4.1 Crude protein 
Was determined as in Chapter four. 
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5.3.4.2 Amino acids 
Were determined by amino acids analyser as described in Chapter 
Four. 
5.3.5 Density 
The density of processed date overflow was determined on a 
density meter (model DMA 55, Paar Instruments, Denmark). All samples 
were filtered through 0.5 pm filter and the instrument washed with water 
and with acetone then dried with blowing air and calibrated with water. 
When the instrument was dried again, the sample was injected and left to 
stabilise at 30°C. 
5.3.6 Alcohol insoluble matter (Aim) 
Exactly 10 g of the underflow was weighed into a 500 ml bottle 
stand in a holder with/without electrical heater. The top of the bottle 
was connected by a plastic tube to a glass funnel carried by a metal 
stand. The system was designed in this laboratory (Fig 5.3) being flexible 
and can be extended or shortened according to need. However, 30 ml of 
boiling 95% ethanol were added and mixed with the mixer (Silverson, 
machines Ltd, England) for 1 min. 30 ml boiling 80% ethanol (3x) were 
added, and the mixing continued for 4 min. The mixture was filtered 
through ashless filter paper No 541 and the residue washed until the 
filtrate became colourless. The residue was dried in a hot air oven at 
70°C until the weight was constant. 
Fig 5.3 Alcohol insoluble matters tool 
son" 
i 
25 
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5.3.7 Gel Permeation Chromatography 
Only selected samples were analysed for pectin molecular weight 
according to the method described in chapter four. 
5.4 RESULTS AND DISCUSSION 
5.4.1 Pre-treatment 
Sufri date pieces were macerated for 10 min at designated 
temperatures (20-60°C), blended then pressed or filtered with/without 
vacuum, the overflow collected in a graduated cylinder and expressed as 
juice yield. However, filtration produced a lower juice yield which could 
be related to the stickiness and aggregation of the date particles that 
blocked the pores of the filter paper. However pressing (Fig 5.4) gave 
greater release of the overflow but it was turbid (Fig 5.5) which will 
require clarification of the overflow during processing into sugars. 
Furthermore, turbidity showed no significant increase with increasing 
temperature over the designated range. 
Date pieces were macerated with water at different ratios in the 
range of 1: 2-10 (date/water) and the results (Fig 5.6 and 5.7) showed 
both turbidity and soluble solids decreased with the increase in the 
extraction ratio. However, the reduction in solids did not follow the same 
pattern when the extraction ratio increased (Fig 5.8). In addition, it 
appeared impractical to increase the extractant ratio to more than 1 :4 
due to the available equipment and a probable increase in the cost of 
obtaining solid sugars by dehydration, especially using evaporation. 
However, if membranes are used for pre-concentration, a large ratio is 
favourable to avoid membrane fouling (Braddock, 1982). Because of the 
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Fig. 5.6Turbidity of Sufri date juice extracted with 
different ratios 
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available equipment and practicality, only four ratios were selected 
(1: 2-4) and investigated in more detail. 
5.4.1.1 Shaking 
Date pieces were subjected to shaking in order to increase the 
contact between date pieces and the extractant. The available shaker had 
a maximum speed of 200 rpm which was varied by increasing in steps of 
20 rpm for 10 min. The RI was plotted against the shaker speeds (Fig 
5.9) but other parameters were not determined because the main objective 
was an increase in the soluble solids of date pieces in the extractant. It 
was found that shaking increased the RI a little. This was probably 
related to increasing the surface area by breaking date particles as a 
result of collision between the extractant and date pieces. Shaking might 
have a beneficial effect in transferring date pieces uniformly to the bulk 
solution and reduce sedimentation if more time was used (more than 10 
min). However the slight increase of RI was similar to the result of El- 
Nawawi and Shehata (1987) who used agitation during pectin extraction. 
5.4.1.2 Blending 
The blending of date pieces at low speed for different time 
intervals gave some increase in the RI values (Fig 5.10). The increase in 
RI was an indication of the effect of blending in breaking down the large 
pieces into small ones and affecting cell walls in order to release their 
components in the extractant. However, the relation between RI values 
and time was not linear. Thus reducing the blending time is beneficial 
and the author found 60 sec. practically suitable for use, especially when 
dealing with a large quantity of samples. Particle size distribution (Fig 
5.11,20-80 sec) was found by laser light scattering. The results showed 
101 
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Fig. 5.10 
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that date pieces are soluble in water to a certain degree and are in 
association-dissociation' status so the fluctuation was expected. In 
addition, they are biological materials composed of different constituents, 
mainly sugars, protein and polysaccharides which behave different to 
normal particle size distribution. However, more than 90% of the 
particles sizes are distributed in the range of less than 50 pm. 
Homogenisation resulted in a reduction of particle size of tomato catsup 
as an indication of suitability of using laser light scattering to measure 
water insoluble solids (Getchle and Schlimme, 1985). However, the author 
of the present work found application of laser light diffraction to measure 
particle sizes of date pieces in water to be difficult for the above- 
mentioned reasons. Furthermore, despite the apparent "ease of use" of 
laser light diffraction, concentration presents diversity in the result 
(Burkholz and ' Bolke, 1984). Moreover, the density has some effects on 
maximum particle size because the sample cell cannot be observed 
whether or not the sample is suspended uniformly. On the other hand, 
lower sizes give obscuration which will lead to errors in diameter (20%) 
depending on whether the particles are opaque or transparent (Bayvel and 
Jones, 1981). The author of this work found water to be a poor medium 
for date particle size analysis using laser light diffraction and , 
developed 
a mixture of solvents which appeared practical and the results repeatable 
because of the reduction in association-dissociation status (see treatment 
section). 
5.4.1.3 Centrifugation 
Filtration is a common process used to separate two or more 
components and' is considered to be the fastest method of separation. 
However, selection of a filtration method (macrofiltration, microfiltration, 
115 
ultrafiltration or hyperfiltration) depends on the size of particles to be 
separated. Thus filtration was used to separate the date overflow (from 
the underflow) and produced a lower juice yield (Section 5.3.1). In 
, addition, addition, pressing was used as an alternative 
to separate the overflow 
from the underflow and the juice yield was high. Despite the high yield 
from pressing it was time consuming because it was operated manually and 
the overflow was turbid. For these reasons, centrifugation was used to 
separate the overflow from the underflow. Thus, in order to determine 
practical and suitable conditions under which the centrifugation could be 
operated the relationship between speeds and time and juice yield were 
studied and the results (Fig 5.12) showed that using 3000 g for 20 min was 
sufficient. It was ideal, but the difference of the juice yield between the 
longest time used for centrifugation and 20 min was only 1.0%. Moreover, 
the moisture content of the date underflow decreased significantly at 20 
min of centrifugation (Fig 5.13). In addition, more separation and high 
juice yield was obtained at 3000 g with respect to speed comparisons. 
5.4.1.4 Effect of pH 
Adjustment of the pH of the extractant was made before and 
, after 
blending. The juice yield was observed and was found to increase 
when the pH was acidic or basic (Fig 5.14). However, at pH 7.0 the juice 
yield decreased. Moreover, the adjustment of pH before blending yielded 
less juice than adjustment after blending. The reason may be that the 
original pH of date pieces (6.0) affected the adjusted pH. The higher the 
pH values, the softer the date pieces (Chapter Six), a result similar to 
that of Steerling (1968). However, this softness did not increase the juice 
yield, an indication that softening of date tissues was not accompanied 
by the release of more juice, confirming the results of using intermediate 
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Fig. 5. l2The effect of centrifugation on Sufri date 
juice yield 
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"5. l3Theryreffect of centrifugation on moisture 
content of Sufri date Residues 
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Fig. 5.14The effect of PH on Sufri date juice yield 
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temperatures (section 5.3.2). The reduction of tomato juice consistency 
studied by Dougherty and Nelson (1974) found there was a decrease in 
consistency when the pH values increased. In the present work, the 
author observed that at acidic phi the underflow and the overflow were 
clearer than when the pH moved into the alkaline side. This could be due 
to a stimulation of reactions between sugars and other nitrogenous 
components. 
5.4.1.5 Theoretical curve of soluble solids 
Increasing concentrations of soluble matter obtained from freeze- 
4ý ý 
dried date pieces extracted with water, created a linear curve by plotting 
the concentration of freeze-dried date against RI (Fig 5.15). This curve 
was intended to predict the solubility of any sample using one known 
parameter (RI values) and also to make a comparison between different 
methods used to determine soluble solids. It was found that the 
correlation coefficient was very high when the RI was determined on a 
sucrose % scale, indicating that scale can be used to measure reducing 
sugar concentrations to a certain extent (Table 5.1). Freeze-drying was 
found to be impractical as it is time consuming and the dried materials, 
mainly sugars, are highly hygroscopic and require protection from the 
surrounding humidity, otherwise stickiness will be created and weighing 
will become incredibly difficult. This finding is similar to the result 
obtained by Kearsley and Birch (1975) in their study of physical properties 
of glucose fractions. 
5.4.1.6 Glucose-fructose mixture curve 
See Chapter Seven. 
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Fig. 5.15 
11: Freeze 
- 
dried soluble solid of Sufri date juice 
expressed as RI 
1.42 
.:.. 
:.. i.. i..: w..;; ........... ......... .:... 
i..:... 
--w..:..... .... ý.. i. . }.. }.. {. .ý . }.. {. . }.. {. . }.. {- . }.. i. . ý.. }.. {. . }-. i. e .}.. . }.. i... .. 
. 
{- 
. }.. 
ý.. {. 
. }.. 
ý.. {. 
. 
j.. {. 
. 
j... {. 
. 
}..;. 
. }.. 
f.. g. . 
}.. i. . }.. ý }.. 
{.. ;... 
-...... 
ý". 
'.... 
. 
1.41 ý: ";. .f..:..:. ....:..:. ....:..:. .;.. 
ý..;. : .:..;. . ý.. i..;. ; .:..;. .. ý... ' ý. ý .ý. . ý. . ý. . . r. .... Y..... 1. . j.. j.. ý. . t.. ý.. ý. y.. ý.. 1.. y. .j.. t.. j.. ý.. %. 
a,.,.... 
....................... _......... ........ .................... _........ /...................... 
1.40 
.... 
. 
i.. w.................. . ............ :..:...:.. e 
--""- ;..,..;.............. ................... i 
.,. . y.. ý.... . ý.. a.. {. . ý.. ±. . ý..... {. . }..,.... . ý.. 
i.... i.. ý. .... }.... . 
ý..,. 
... 
.;. . ý.. ý. . ý.. 
{. . f.. ý. . t.. i. . }--{. . r.. f.. ý. . ý.. ý.. ;... i.. {...; .. ý.. {.. ;... ; .. i ýýý . j.. j.. ý... }.. ý.. {.. ý.. -j.. ý... ý... ý.. ý.. -ý... ý.. {.. "r.. ý.. ý .................... 
:.. ý..:..;.. :..;. 
y 
.;..:...;..;..:...:.. 
i..:...;.. 
ý1.39ý... ....................................... 
ý............... 
......... 
=ý: " ........... " 
....................... ........ 
N......... ti..... " " 
1.38 -; "" 
ý..;..:...:..;..:.. ý..;..:...;..;..;...;..;..: : ;..: ..:..:...:..:..:... ..:..;...:.. 
. {. . .. 
i.. i. 
. }.. {... .. 
}.. 
{... 
ý.. F.. {. 
. {... ý.. 
t.... 
.... {... 
ý.. 
}.. 
ý. 
. 
t.. i... ý.. 
. {. . }.. {. . 
L.. }.. {. . }.. {. . L.. }.. {. . {... L.. }.. J.. J... }.. J... t.. }.. J.. !... 
}.. {.. ý.. 
fý. . j.. 
ý.. 1. . r.. 
ý.. ý... f.. j.. ý. . ý... ý.. 
ý. . j.. ý... t.. j.. ý... p.. 
j.. ý... j.. j...... '......... r.. 
............. 
ý... ý.. ý... %........ 
. 
j........ j. 
" 
1.37 
; ______________. __ . ___. ;- _____ . __ . __- ........... I........ 
...... - 
..:.. 
:..:..:...:..::... i: 
ýi: 
::..:.. :..:..:...:.. i..:...:..:..:...:.. i.. i...;.. 
4zeý.. i...... }.. ý...... t..;... y.. }. ý..; }.. i...; .. t......; .. t.. 1...; .. r.. 1...; .. i.. 1...; .. j.. 1...; .. 
.. _ - ý.. {. 
. 
}.. }.. {. 
, . 
F.. {. 
,. 
)/.. {. . F.. {. . }.. {- . }.. E .. {. . F.. {. . }.. ý.. {. . f.. {. . }.. 
. 
ý. 
. 
}..;.. ý... }.. ý.. ý.. ; 
. 
ý.. ý... }.. ý.. {...;.. ý.. ý... y.. i.. ý... }.. ý..;... }.. ý.. {...;...;.. ý...;... 
. 
ý.. ý... }.. ý.. i. p. "j. "ý.. 
y..... ý.. 
Y.. 
j.. 
H. 
y.. j..... 
Y.. 1uý.. 
Y.. j. 
"Y.. 
j..... p. 
y. " 
1.35 ý: :... ' ......................... ........ ---------.. ý.. 
I. . V.. \.. Jý"\.. I. . 4.. 
\.. I" . V.. \.. I" . V.. ý.. J. . f.. \.. I. . V.. 
\.. J... V". 1..; " . V. "\..: " ,. " 
. 
i. 
. 
ý. ýý.. ý.. }.. i.... . 
i.. i. . ý.. i.. i. . i.. i... ý.. i.. i. . }.. +... }.. t.. i... ti.. l.. i... }.. 
1.34 "<" .;. . 
}..;. . F.. ý. . ý..;. . t.. {... ý..;..;. . i.. {... r.. 
F.. { ...:..:..:... r.. 
-----" .......................,.......... .;;...;.. 
F..;...,...;..;...;.. 
1.33 
.......... .. 
ý... j""ý.. j... }.. ý.. ý... }:. ý.. ý... ý.. ý.. ý... }.. ý.. 
ý... ý.. y.. ý... }.. i.. j... }..... j... ý.. 
ff 
........................ »... '' .............. 
ý. 
ý--; ................: ý......... 
0 10 20 30 40 
Concentration (% ) 
50 60 
121 
Table 5.1 Different determination methods of soluble solids of 
physically treated Sufri date overflow 
(%) 
Ratio Dry method Oven dry Sucrose scale Theoretical curve 
1: 2 F 36.18 35.07 22.7 28.49 
1: 2.5 F 29.12 28.00 22.0 27.64 
1: 3 F 24.73 23.43 21.7 22.66 
1: 4 F 20.52 19.30 16.2 18.22 
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5.4.1.7 Gel permeation chromatography 
See Chapter Six. 
5.4.2 Treatment 
5.4.2.1 The overflow 
5.4.2.1.1 Soluble solids 
It was intended to use temperatures up to 60°C to minimise or to 
eliminate decomposition of date components and to facilitate the 
liquefaction of cell date tissues. Date pieces were macerated and 
extracted for different times (30 min as maximum) at different 
temperatures. The results indicated that the effect of temperature over 
the designated range was moderate to low but the combination of time 
and temperature had a small effect on increasing the soluble solids (Fig 
5.16-23, thus the quality of date overflow as well as underflow was 
expected to be maintained because the reaction between aldehydes and 
ketones with functional groups of amino acids was at a minimum. The 
effect of heat on soluble solids of date (mainly sugars) is through 
intermolecular hydrogen bonding. Sugars exhibit a tendency towards a 
high capacity for this type of bonding, depending on their stereochemical 
structure and mainly the position of functional groups. However, the 
hydrogen bond requires considerable heat to disrupt but at present water 
molecules react with sugars through this type of bonding. Furthermore, 
the tendency of sugar to make intermolecular hydrogen bonding increased 
the solubility of soluble solids in water after heat application and led to 
the replacement of water molecules and resulted in an increase of the 
soluble solids. This phenomenon was clearer at high temperatures. 
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Fig. 5.16 Soluble solids (RI) of Sufri date overflow 
extracted at 1: 2 ratio 9 temperature and time varied 
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FIg. 5.17 Soluble solids (RI) of Sufri date overflow 
extracted at ratio 1: 2.5 , temperature and time varied 
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Fig. 5.18 Soluble solids (RI) of Sufri date overflow 
extracted at 1: 3 ratio , temperature and time varied 
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Fig. 5.19 Soluble solids (RI) of Sufri date overflow 
extracted at 1: 4 ratio 9 temperature and time varied 
1.361 -1 
1.360 -I 
1.359 -i 
0 
1.358 
0- 10min 
--ý-- 15min 
ý ý- 2omin 
ý"-"-I 
10 20-' 30 40 "v 50 ` 60 
----d- 25min 
ý- 30min 
Temperature (C) 
127 
Fig. 5.20 Soluble solids (%) of Sufri date overflow 
extracted at 1: 2 ratio , temperature and time varied 
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Fig. 5.21 Soluble solids (%) of Sufri date overflow 
extracted at 1: 2.5 Ratio , temperature and time varied 
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Fig. 5.22 Soluble solids (%) of Sufri date overflow 
extracted at 1: 3 ratio , temperature and time varied 
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Fig. 5.23 Soluble solids (%) of Sufri date overflow 
extracted at 1: 4 ratio , temperature and time varied 
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However, changes in food components will occur when high temperatures 
are applied (Danehy and Pigman, 1951; Lee et al., 1975; Wolf et al., 
1981). Determination of insoluble particle sizes of date pieces after 
maceration and extraction, using a laser instrument, presented difficulties 
because of association-dissociation phenomena. However, practising with 
different organic solvents, the author found that glycerol/water (70%/30%) 
was a suitable medium for determining date juice particle size. By using 
2 ml of each sample the variation due to concentration was reduced and 
the results (Fig 5.24-27) showed that the overflow from lower ratios of 
the extractant to dates had the larger particle sizes. This is in 
agreement with the results of soluble solids. So, larger particle size in 
the overflow is undesirable indicating lower efficiency of the extraction 
and requiring the use of a higher ratio (1: 3). The second extraction 
results (Fig 5.28-31) indicated a usual particle size distribution and the 
differences between them were not steady. This was expected because 
there was still 30% water in the medium, but the differences were low. 
5.4.2.1.2 The Juice Yield 
The underflow of date pieces was repeatedly extracted in order 
to obtain more release of the overflow with a reasonable soluble solids 
(Table 5.2). This indicated that the juice yield increased along with 
repeated extractions. Thus, soluble solids decreased which could be the 
result of two factors; addition of more extractant and less free solids to 
be extracted. However, when the extraction was repeated with a lower 
ratio of the extractant both juice yield and solids were increased (Table 
5.3). When the first extract was used for second extraction, the juice 
yield decreased which could be related to the absorption of some of the 
juice by the underflow particles, but the soluble solids were increased. 
Fig. 5.24 to 5.27 inclusive: 
Particle size distribution of physically 
treated Sufri date overflows, single 
extractions 
Fig. 5.24 Particle size distribution of physically 
treated overflows at 1: 2 ratio 
Fig. 5.25 Particle size distribution of physically 
treated overflows at 1: 2.5 ratio 
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Fig. 5.26 Particle size distribution of physically 
treated overflows at 1: 3 ratio 
Fig., 5.27 Particle size distribution of physically 
treated overflows at 1: 4 ratio 
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Fig. 5.28 to 5.31 inclusive: 
Particle size distribution of physically 
treated Sufri date overflows, series 
extractions 
Fig. 5.28 Particle size distribution of physically 
treated overflow at 1: 2 ratio 
Fig. 5.29 Particle size distribution of physically 
treated overflow at 1: 2.5 ratio 
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Fig. 5.30 Particle size distribution of physically 
treated overflow at 1: 3 ratio 
Fig. 5.31 Particle size distribution of physically 
treated overflow at 1: 4 ratio 
135 
A 0[ 1 -1 1 111111 11! -111 K11 1''11- 
ýI 
50 
III 
riý ti titi 
_... ý 
-ý- 11(111ýý. ý: J : 
i i-Ir, L... 111111 ii-i-Tl-iýý 
iý ý ýý ý ýiýii 
1 
I 
50 
I 
i 
U 
Ikli-I 
; 
-F 
ý 
A 
Li 
ý 
E 
I 
I 
I 
If1! 1 
rl 
. 
l. I. IIII! III1 IýTi 
I 
r--7ýP7- iiIi W-- IIIIýimýI) mijý 
1_I 
'tI IIII I!! I Illýi 
136 
Table 5.2 Characterisation of physically treated Sufri date 
overflow using single extraction 
Parameters 
Ratios Juice yield (ml) RI Density pH 
1: 2 F 57 1.3745 1.092 6.1 
1: 2.5 F 73 1.3731 1.087 6.2 
1: 3 F 94 1.3650 1.086 6.0 
1: 4 F 126 1.3580 1.068 6.0 
F First extraction of date pieces according to the text 
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Table 5.3 Characterisation of physically treated Sufri date 
overflow using series extractions 
Parameters 
Ratios Juice yield (ml) RI Density . pH 
1: 2 S 84 1.3516 1.057 6.2 
1: 2.5 S 105 1.3420 1.044 6.1 
1 :3S 125 1.3410 1.037 6.0 
1 :4S 168 1.3400 1.011 6.0 
1 :3M1: 32 171 1.3560 1.072 5.9 
1: 3: 2: 1 46 1.3410 1.040 6.0 
13+1: 2 
+1 :1 183 1.3531 . 
1.053 6.0 
1: 3: 1 43 1.3500 1.047 6.0 
1: 3 M 1: 3: 1 137 1.3573 1.065 6.1 
1: 3 FF 90 1.3563 1.086 6.1 
S Second extraction of the -residue of first extraction 
M Mixture of more than one extraction 
FF Repeated extraction with the filtrate at first extraction 
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However, a mixture (if different ratio extracts led to an increase in juice 
yield and a decrease in soluble solids. 
5.4.2.1.3 Density 
Density or specific gravity is widely' used as a measure of 
concentration of soluble solids present in syrups, fruit juices and 
beverages, and' in brines and alkalis used in food processing. Thus, the 
concentration of substances dissolved or present 'in water solutions or 
extracts varies regularly with the density or specific gravity of the 
solutions or extracts and generally is `approximately proportional to it. 
Moreover, density` or specific gravity of many substances is a character- 
istic of physical properties and `serves as a criterion of identity. As one 
method of characterising date juice, density of the overflow obtained by 
a single and series extractions was' measured. The density clearly 
increased being approximately proportional to the increase in RI values 
(soluble solids) but when the juice yield increased as a result of repeated 
extraction, the density was decreased as a clear indicator of the soluble 
solids content. However, the presence of more than one component in the 
overflow causes a slight variation in the density values in relation to 
soluble solids. It can be concluded from the results (Table 5.2 and 5.3) 
that determination of density of the overflow of date gave a good 
correlation between density values and soluble solids. The relation 
between specific gravity and soluble solids of citrus juices (Scott and 
Veldhuis, 1961) sugar products (Wadswoorth et aj, 1967) and foods (Casimir 
and Mitchell, 1967) were studied and their results were in agreement with 
the results of the present work. 
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5.4.2.1.4 Amino acids 
Obtaining pure sugars or preparing date juice for soft drinks 
requires knowledge of its constituents to facilitate the next process of 
separation and also it can be used as a means of detecting the presence 
of unusual materials. Selected samples were taken to determine the 
amino acid composition of the overflow by amino acid analyser without 
special preparation. The `amino acids are presented in Table 5.4 and it 
can be seen that arginine, leucine and lysine were the most soluble amino 
acids in date overflow. The acidic amino acids were the most difficult 
components to separate and identify because of overlapping which may be 
due to the presence of significant amounts of monosaccharides which could 
interfere with these amino acids. In addition, the poor identification also 
could be related to the chromatographic conditions in the separation 
column. However, the overlapping is common among acidic amino acids 
(Stadtman, 1972; Ooghe, 1982). The author believes if two columns are 
used, one packed with suitable anion-exchange materials and the other 
with cation-exchange, the overlapping might be eliminated or held at a 
minimum. From the results, the overlapping decreased with the lower 
extraction ratio of the extractant, which could be related to more solid 
materials being present in the overflow, and the interference with 
moisture was at a lower rate depending on the location of polar amino 
acids, since it will be easier to bind water if the charge is located at the 
surface rather than buried inside the molecule (Schnepf, 1989). 
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Table 5.4 Amino acids of physically treated Sufri date overflow 
Ratio 
Amino acid 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Lysine 
Histidine 
Arginine 
1: 2 F 1: 2 S 1: 3 1: 3 S 
---- = ---------- ug/100 ml -------------- 
1487 
'122 + 1812 + 1096 + 945 
'24 
1496 + 789 + 1048 + 296 
357 
+ 270 104 
356 700 235 301 
211 195 110 51 
83 114 68 55 
130 133 83 80 
-263 259 165 153 
88 115 65 67 
184 194 139 106 
151 150 109 88 
68 67 54 39 
277 299 260 149 
+ Sum of overlapped amino acids 
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5.4.3 The underflow 
5.4.3.1 Moisture 
Moisture of macerated and extracted date pieces with a single and 
series of extractions was determined in a hot air oven (Chapter Four). 
The moisture content of processed date pieces was used as an indicator of 
underflow juice retained. The results (Table 5.5,5.6) showed that 
moisture content retained in the underflow decreased with an increase in 
the ratio used for extraction. However, it also showed that series 
extraction led to a significant increase in the juice yield and a reduction 
in moisture content. This is related to exposure of the underflow to 
mechanical force (blending) and less aggregation of its particles. 
5.4.3.2 Weight loss 
In order to measure the rate of weight loss of date pieces after 
a single and series of extractions with reasonable accuracy, the underflow 
was dried nearly to the original moisture content in the hot air oven, then 
weighed and the weight loss as a result of both extractions was expressed 
as a percentage. The results (Table 5.5,5.6) of both extractions indicated 
that materials which resist the extractions had a very close relation to 
moisture content, therefore it can be used as an indicator of mass loss. 
5.4.3.3 Alcohol insoluble matter 
Since an effective method of measuring extracted sugar was 
alcohol, materials were extracted using hot ethanol, then the retained 
materials were measured. The repeated use of hot ethanol was 
determined using the colour reduction measured by a change in the 
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Table 5.5 Characterisation of physically treated Sufri date 
- underflows using a single extraction 
Parameters 
Ratios Moisture % Wt remaining % Aim % 
1: 2 FR 33.1 41.33 1.2 
1: 2.5 FR 29.2 33.14 1.12 
1: 3 FR 25.7 28.00 1.0 
1: 4 FR 22.7 24.00 0.8 
FR First extraction residue 
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Table 5.6 Characterisation of physically treated Sufri date 
underflows using series extractions 
Parameters 
Ratios - Moisture .% Wt remaining % Aim % 
1 :2 SR 17.6 20.62 1.28 
1: 2.5 SR 14.3 14.22 1.16 
1: 3 SR 12.1 15.84 1.07 
1: 4 SR 10.5 12.00 0.87 
1: 3 + 1: 2 M 21.7 24.0 1.14 
1: 3: 2: 1 16.4 17.7 1.23 
13 + 1: 2 
+ 1: 1 M 19.4 20.0 1.09 
1 3: 1 17.1 18.3 1.17 
1: 3+1: 1 M 21.4 22.6 1.07 
1: 3 FF 27.0 29.0 1.01 
S Second residue of first extraction, 
M Mixture of more than single ratio extraction 
FF Residue of repeated extraction with the filtrate 
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absorbance of the extract (Table 5.7). It was found that washing the 
underflow 3x with boiling 80% ethanol was sufficient. It can be observed 
from the result (Table 5.5,5.6) that there was increase in Aim weight 
with decreasing ratio of water to date which could be related to the 
moisture content of the underflow. The Aim measurement will be used 
during enzymic treatment as an indicator of the presence or absence of 
polysaccharides and the effectiveness of enzymic use. 
5.4.3.4 Protein 
The result of protein content (Table 5.8,5.9) showed that the 
underflow of the first extraction contained higher levels of protein than 
the one subjected to. the second extraction with the same ratio of the 
extractant. This is related to the solubility of some amino acids in the 
extractants. . 
However moisture content of the underflows plays a 
significant role on influencing the results. This effect became visible by 
observing the protein level in the two underflows subjected to series 
extractions (Table 5.9). Moreover, the level of soluble proteins in the 
overflow and insoluble retained in the underflow has two side effects; the 
first is beneficial because of nutritional value of both and the second one 
unfavourable because of the browning reactions as well as cost during the 
clarification of the overflow. 
5.4.3.5 Amino acids 
By observing the results (Table 5.10,5.11,5.12), some essential 
amino acids were presented in a reasonable amounts. These amounts were 
higher in the underflow extracted with a lower ratio of the extractant. 
The lower ratios were difficult to handle and analyse because of stickiness 
and yielded less juice. However, the moisture content (section 5.3.2.1) 
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Table 5.7 The effect of washing with hot 80% ethanol on 
alcohol insoluble matter colour of enzymic 
treated Sufri date underflow, 
. 1. d 
Number of washing Transmittance at 590 nm 
Blank 80% ethanol 100 
Filtrate Unwash 3.0 
ist filtrate 1st wash 1.0 
2nd filtrate 2nd wash 0.5 
3rd filtrate 3rd wash 0.10 
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Table 5.8 Protein content of physically treated Sufri date 
underflows using a single extraction 
Ratio Protein (% wet wt) 
1: 2 FR 0.87 
1: 2.5 FR 0.78 
1: 3 FR 0.69 
1: 4 FR 0.61 
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Table 5.9 Protein content of physically treated Sufri date 
underflows using series extraction 
Ratio Protein (% wet wt) 
1: 2 SR 0.64 
1: 2.5 SR 0.60 
1: 3 SR 0.60 
1: 4 SR 0.54 
1: 3: 1 R 0.67 
1: 3: 2: 1 R 0.69 
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Table 5.10 Amino acid composition of physically treated Sufri date 
underflows (mg/100 g material wet wt basis) using a 
single extraction 
Sample 
Amino acid 1: 2 FR 1: 2.5 FR 1: 3 FR 1: 4 FR 
Asp 88 56 55 43 
Thr 21 17 15 11 
Ser 26 21 19 14 
Glu 67 49 46 34 
Pro 33 25 23 16 
Gly 38 29 26 20 
Ala 37 28 26 19 
Cys 8464 
Val 29 24 18 14 
Met 5553 
Iso 23 17 13 9 
Leu 60 31 25 19 
Tyr 13 11 10 8 
Phe 20 17 15 11 
Lys 37 22 18 14 
His 12 10 11 10 
Arg 29 26 20 26 
Tryp 4535 
Total 550 397 354 280 
1 :2 FR Residue at first extraction with 1: 2 ratio 
liquid to solid of dates 
1: 2.5 FR Residue at first extraction with 1: 2.5 ratio 
liquid to solid of dates 
1: 3 FR Residue at first extraction with 1: 3 ratio 
liquid to solid of dates 
1 :4 FR Residue at first extraction with 1: 4 ratio 
liquid to solid of dates 
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Table 5.11 Amino acid composition of physically treated Sufri date 
underflows (mg/100 g material wet wt basis) using 
second extraction 
Sample 
Amino acid 1: 2 SR 1: 2.5 SR 1: 3 SR 1: 4 SR 
Asp 57 40 40 36 
Thr 18 15 13 12 
Ser 26 19 17 17 
Glu 50 37 35 31 
Pro 29 21 20 18 
Gly 34 28 24 22 
Ala 30 24 19 17 
Cys 4432 
Val 25 20 18 17 
Met 6444 
Iso 18 15 13 14 
Leu 33 27 23 23 
Tyr 19 11 10 11 
Phe 18 15 13 13 
Lys 25 17 17 14 
His 11 10 98 
Arg 27 23 20 18 
Tryp 5433 
Total 425 * 334 301 280 
SR = Residues of second extraction with 1: 2,1 : 2.5, 
1: 3 and 1: 4 ratios respectively 
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Table 5.12 Amino acid composition of physically treated Sufri date 
underflows (mg/100 g material wet wt basis) using 
a series extraction 
Sample 
Amino acid 1: 3: 1 1: 3: 2: 1 
Asp 141 117 
Thr 50 44 
Ser 45 48 
Glu 148 110 
Pro 55 49 
Gly 87 77 
Ala 74 65 
Val 55 50 
Met 14 8 
Iso 41 37 
Leu 69 64 
Tyr 16 27 
Phe 36 35 
Lys 47 47 
His 26 23 
Arg 60 60 
Total 964 871 
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had some effect during the analysis specially with acidic amino acids, 
which could be related to the hydrogen bonding. 
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- CHAPTER SIX - 
ENZYMIC TREATMENT 
6.1 INTRODUCTION 
Softening of plant tissues occurs during ripening, defoliation and 
infection caused by organisms. Natural enzymes also occur in the plant 
system and enzymes are added as a means of processing, as is found in 
industrial application of fruit and vegetable juice, purees and baby foods 
(Reid, 1961; Rombouts and Pilnik, 1978; Bickerstoff, 1987; Stanton, 1988). 
Extraction and releasing date juice by simple pressing or 
centrifugation is not the best process because dates are too pulpy, sticky 
and to some extent pectinaceous. " Therefore the use of commercial 
preparations of pectolytic enzymes is needed to facilitate processing to 
ensure a high yield of overflow and cleared materials. Commercial 
preparations of pectolytic enzymes were used to macerate date underflows 
following the physical treatment in order to release more of the overflow 
and to select the most effective preparation. Moreover, pure pectolytic 
enzymes were implemented to a lesser extent in order to determine the 
specificity of different classes of these enzymes suitable for date juice 
production (Chapter three). 
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6.2 EXPERIMENTAL MATERIALS AND METHOD 
6.2.1 Use of the enzymes 
Commercial preparations of pectolytic enzymes were applied, 
Pektolase La (PA) and Pektolase Lx (PX) (Grindsted, Denmark), Panzyme 
Rapid (PR) and Panzyme 10 (P10) (Sturge Biochemicals, England) and 
Ultrazyme G-100 (UL) (Novo Enzyme Products, Ltd, England). All the 
preparations were used as percentage (w/w) of enzymes to date underflow. 
The ratios 0.01,0.03,0.05, - 0.07,0.10% (w/w) were used and the 
following flowsheet was implemented (Fig 6.1): 
The incubation temperature was in the range 30-50°C and the time 
was within 10-300 min. 
Pure pectolytic enzymes; pectinase, pectinesterase and pectolyase 
(Sigma) were used as above in order to ý determine the type of pectin 
present and decide-' the suitability of particular' enzyme(s) for the 
application. 
6.2.2 Overflow evaluation 
The overflow was measured using a graduated cylinder (Chapter 
Five) as an expression of the enzyme activity. 
Sugars of the overflow were analysed using glucose-fructose curve, 
enzymic analysis and hplc (Chapter Four and Seven). 
6.2.3 Underflow evaluation 
Moisture, weight loss, alcohol insoluble matter (Aim), gel 
permeation and viscosity were determined. Viscosity was determined on 
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a Brookfield viscometer (Brookfield, U. S. A. ) using a No 4 spindle with a 
thermal jacket to control the temperatures. Date underflows were 
homogenized, then the small container filled up with sample (20 g), left 
for 10 min at 30°C and the readings were made at five speeds. The 
viscosity was calculated and plotted against the speeds. 
6.3 RESULTS AND DISCUSSION 
6.3.1 The overflow 
To visualise the variation in activity between different enzyme 
preparations requires implementation of a different range of concen- 
trations at high temperature and long time (50°C and 5 hrs). The action 
of enzymes was observed and the result (Fig 6.2) indicated that at 0.03% 
concentration of enzyme to underflow gave a significant increase in the 
overflow. However, PA and P10 were able to release less of the 
overflow. This could be related to lower concentration of suitable enzyme 
in the commercial preparation or due to lower solubility of these enzymes 
in the medium. At a concentration of 0.07% and above the behaviour of 
all enzymes follow zero-order reactions while before that first-order 
reactions were observed. Furthermore, the specificity of these 
commercial preparations to breakdown or to solubilise date underflow cells 
was difficult to identify because of the uncertainty of their composition. 
The comparison of different commercial preparations of pectolytic 
enzymes was made by subjecting these preparations to different 
conditions. The major parameter to evaluate the effectiveness of the 
enzymic treatment was the ability of an individual enzyme to act on the 
date underflow and release more of the overflow. Different temperatures 
were used at the range of 30-50°C for various times. The results (Fig 
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Fig. 6.2 Action of pectolytic enzymes on Sufri date 
underflow at 50 C (expressed as juice yield) 
in relation to concentration 
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6.3-5) showed that all the four preparations were able to increase the 
overflow. However, PA and P10 preparations showed the lowest increases 
in the overflow, even under high incubation temperatures and longer times. 
This could be related to lack of macerase or 'stimulating factor (Ishii and 
Kiho, 1976; Ishii, 1977). Pectolytic enzymes are necessary to extract 
more of the overflow retained in the underflow because the presence of 
pectin in the cell wall increases the viscosity of the overflow, making it 
less free to run and difficult. to separate from the flesh. However, the 
use of pectolytic enzymes is not only to enable expression of the overflow 
from soft fruits and vegetables without drastic treatment but also to aid 
in the clarification of the overflow (de Vos and Pilnik, 1973; Sreekantiah, 
1975; Call et al., 1986). 
Moreover, the combination of mechanical and thermal procedures 
followed by enzymic treatment led to a significant increase in overflow 
yield as well as solid content of underflows and also easier pressing. 
Precise evaluation of pectolytic enzyme activity would normally be based 
on a strictly standardised pectin solution as a test medium, but the result 
could only apply to pectins of the same type. Native pectins, ' however, 
as found in fresh fruits and their juices do not correspond to any 
extracted pectin preparations obtainable. Therefore, determination of 
methanol release by converting methyl groups to methyl nitrile using nitric 
acid (Bartolome and Hoff, 1972) could be applied specifically when 
pectinesterases are used but would be very difficult to be implemented at 
the processing level. 
Furthermore, the activity of other pectolytic classes on cell walls 
can be measured by determining the amount of galacturonic acid (Pressey 
and Avants, 1982). This measurement can be used with pure pectin 
substances and is less frequently used in practical systems and also the 
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Fig. 6.3 Action of pectolytic enzymes on Sufri date 
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Fig. 6.4 Action of pectolytic enzymes on Sufri date 
underfiow at 40 C (expressed as juice yield) 
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Fig. 6.5 Action of pectolytic enzymes on Sufri date 
underflow at 50 C (expressed as juice yield) 
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result varies depending on the type and variety of plant subjected to the 
experiment. 
The author of the present work used the action of the pectolytic 
enzymes because it is more practical and reasonably accurate to measure 
the overflow yield released from the underflow and it is the only practical 
way to test the enzymes directly on the substrate in question. 
Because of economical reasons the quality, of the underflow and 
the overflow obtained when the commercial preparations were incubated 
at 30°C for 30 min, drastic conditions mainly related to incubation time 
were investigated. The result (Fig 6.6) showed there was a reduction in 
the yield of the overflow at 10 and 20 min produced by PA and P10 while 
PX, UL and PR were less affected by the incubation time. Stirring and 
shaking were tested to observe their effects on the release of more of the 
overflow and the results (Table 6.1) indicated that there was little effect 
by shaking on the enzyme actions while stirring had a significant effect 
because it distributes enzyme molecules on/within the underflow. particles. 
However, by reducing the concentration of all enzymic preparations to 
0.01% under the above defined conditions, a clear reduction in the 
overflow yield was observed. 
During the physical treatment four ratios of date to water were 
studied, also the underflows of these ratios were subjected to the best 
effective enzymic preparations. The results (Fig 6.7) showed that the 1: 3 
ratio was the most suitable for enzymic treatment because more of the 
overflow yield was obtained, followed by ratio 1 : 4. The latter ratio was 
too dilute and there was difficulty in handling it with the available 
equipment in addition to the economical cost when the juice had to be 
concentrated. 
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Fig . 6.6 
Action of pectolytic enzymes on Sufri 
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Table 6.1 Action of pectolytic enzymes on Sufri date underflow 
(expressed as juice yield) 
Conc. + parameters 
Enzyme (juice yield ml) 
Control PA PX UL PR Plo 
0.10% No stirring 5.0 8.2 10.15 11.25 
0.10% No shaking 
but stirred 10.0 18.0 21.5 22.0 
0.01% Stirred and shaken 10.0 16.2 17.5 17.5 
Incubation temperature was 30°C 
Incubation time was 30 min. 
Ratio used 1 :3 
9.8 8.15 
18.5 17.0 
15.7 14Z 
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Fig. 6.7 Action of pectolytic enzymes on Sufri date 
underflow (expressed as juice yield) pre-macerated 
at 50 C with different ratios of water 
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To speculate on the nature of date pectin pure pectolytic enzymes 
were applied on the 1: 3 ratio at the optimum pH for individual enzymes, 
according to the suppliers description. The result (Table 6.2) for enzyme 
action expressed as overflow yield was observed and it was found that 
pectolyase was most effective for the release of overflow in comparison 
with the control and the other two types of enzymes. This indicates that 
date pectins are most susceptible to pectinlyases. The action of this 
enzyme showed the importance of specificity in relation to the yield of 
the overflow rather than the concentration of enzymes. 
6.3.2 The underflow 
6.3.2.1 Moisture 
The moisture content of enzymically treated underflows was 
determined in a hot air oven with cooling in a desiccator to minimise 
absorption of surrounding moisture because the underflows are highly 
hygroscopic as a result of their components. The results (Table 6.3) 
indicate that the control retained more moisture in comparison to the 
treated samples. However, the moisture content did not vary significantly 
because the treated ones still had free moisture easily evaporated for a 
period due to an increase in loosely bound moisture as a result of the 
enzyme action. 
6.3.2.2 Alcohol insoluble matter (Aim) 
The Aim of enzymic treated samples was higher than the control 
(Fig 6.8). It was expected that polysaccharides would be broken down 
and mono, di and larger units would be released in the overflow. This 
expectation is true (Endo, 1964; Rombouts and Thibault, 1986) but the 
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Table 6.2 Action of pure pectolytic enzymes on Sufri date 
underflow (expressed as juice yield) 
pH 
Enzyme (juice yield ml) 
Control pectinase pectinesterase pectolyase 
4.0 12.00 16.00 
5.5 9.80 - 
7.5 10.00 - 
Incubation temperature was 30°C 
Incubation time was 60 min. 
Ratio used 1: 3 
19.80 
14.00 
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Table 6.3 Moisture of pectolytic enzyme treated Sufri date 
underflows (percentages) 
Time (min) 
Enzyme 
Control PA PX UL PR P10 
10 24.8 18.4 17.9 17.8 18.0 18.4 
, .. 
20 24.6 18.2 17.7 17.6 18.0 18.0 
30 24.4 18.1 17.6 16.8 17.8 17.9 
Incubation temperature was 30°C, ratio was 1 :3 and the 
concentration was 0.10% (w/w/ enzyme to date underflow) 
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Fig. 6.8 Aim of enzymically treated Sufri 
date underfows at 30 C 
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release of smaller units as result of enzymic action is limited (Thibault, 
1983). It can be seen from the result that there was an increase in the 
Aim with an increase in enzymic concentration, and PX and UL appeared 
to be the most active commercial preparations. 
_. 
In addition, the increase 
in Aim was correlated - to the moisture content of the underflow. 
Moreover, 'when the underflow of date was subjected to shorter times of 
incubation the Aim followed the same sequence as above. The Aim result 
(Fig 6.9) is in good agreement with enzymic action. 
It is worthwhile to emphasise the apparatus which was developed 
in this laboratory (Chapter Four) in order to determine the Aim because 
of its practicality. Good results were obtained because it kept the sample 
during Aim determination at, the boiling point of alcohol and kept loss of 
the sample to a minimum. 
6.3.2.3 Weight Loss 
The aim of this parameter was to determine the loss in weight of 
the underflow after the, enzymic treatment. The determination was made 
by drying a certain amount of the sample in a hot air oven for 6 hrs and 
the retained matter was weighed and the weight loss expressed as a 
percentage. The results (Table, 6.4) showed that the loss was greatest in 
treated samples but because the underflow of date is highly susceptible to 
absorb moisture from the surrounding environment some variation in the 
result is to be expected. It was clear from the results that internal and 
external moisture was influencing the accuracy of the determination of 
this parameter. Using this parameter in nonsugary foods may be more 
practical. 
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Fig. 6.9 Aim of the enzymically treated 
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Table 6.4 Weight loss of pectolytic enzyme treated Sufri date 
underflows (percentages) 
Time (min) 
Enzyme 
Control PA PX UL PR P10 
10 28.0 29.1 30.1 30.2 29.4 28.1 
20 28.1 29.4 30.3 30.4 29.4 28.2 
30 28.2 29.5 30.8 30.6 29.5 28.6 
Incubation temperature was 30°C, the ratio used was 1: 3 and the 
enzyme enzyme concentration was 0.10% (w/w enzyme to date underflow) 
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6.3.2.4 Gel permeation chromatography 
The results of physically and enzymically treated underflows 
showed that their process had some effect on date pectin molecular 
weight (Table 6.5). The distribution coefficient rose from 0.03 to 0.08 
and 0.09 as a result of physical and enzymic treatments, however, there 
was no significant difference between the two treatments. Pectin is a 
large polysaccharide with two regions; short "hairy" and long "smooth" We 
Varies et al., 1982; Saulnier and Thibault, 1987), therefore the effect of 
commercial pectolytic enzymes led to the decrease of pectin polymer and 
an increase of glucose level in the overflow indicated that perhaps their 
actions were on the hairy region and some effects on breaking down date 
cell walls. In order to obtain a good estimation of pectin molecular 
weight affected by these treatments, pectin should be extracted under 
controlled conditions to prevent any degradation. In addition, the 
fractionated pectin with molecular weights is recommended. The gel 
should be selected to be capable of separating pectin, for example, the 
use of Cl-2B sepharose was found capable of fractionating dextrans but 
failed to fractionate pectins. However, fractogel which was used could be 
suitable for fractionating pectins. Furthermore, operational effects must 
be considered in addition to clarification and dissolution of samples. It 
should be concluded that gel filtration is not the ideal for pectin 
molecular weight determination because of pectin viscosity, gyration and 
polydispersity (Hamielic and Meyer, 1986; Fishman et al., 1989). However, 
gel permeation is the only method giving single fraction in a short time 
and which is capable of following the change in polymer molecular 
weights. 
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Table 6.5 Gel permeation chromatography of physically and 
enzymically treated Sufri date underfiows 
Sample 
Date pectin 
Physically treateda 
date pectin 
Enzymically treatedb 
date pectin 
Citrus pectin 
Elution volume Kd log M. W. 
44.86 0.03 
48.17 0.08 
48.86 0.09 
47.95 0.08 
5.70 
5.32 
5.27 
5.33 
Genu pectins: 
No. 73317 47.45 0.07 5.37 
No. 71229 48.25 0.08 5.31 
No. 81893 47.42 0.07 5.37 
a The underflow of 1: 3: 1' ration 
b The underflow treated with 0.07% (w/w) UL (see the text) 
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6.3.2.5 Wiscosit 
Rheological measurements (viscosity) find application in quality 
control where consistency and quality is required from batches. Viscosity 
is the most popular method for polymer characterisation because flow 
behaviour is responsive to properties such as molecular weight and 
molecular weight distribution. Furthermore, viscosity is considered a 
direct assessment of processability, especially in designing equipment to 
pump a liquid, as the pump power needed depends on the viscosity of the 
liquid. Viscosity is also useful in following the course of chemical 
reactions and mechanical, thermal and enzymatic treatments. The deter- 
mination of viscosity of non-Newtonian liquid presents some difficulties 
and sticky materials such as date underflows add more difficulties. The 
viscosity of enzymically treated date underflows was studied using the 
five commercial pectolytic enzyme preparations under specified conditions 
of 0.10% concentration, 30 min at 30°C. The result (Fig 6.10) indicates 
there was a reduction in the viscosity of the date underflows caused by 
UL, PX and P10 indicating approximate prediction of the , type of 
pectolytic enzyme present in the commercial preparations because a 
characteristic of some pectolytic enzymes 'includes the reduction of 
viscosity (Braddok and Kesterson 1973; Kesterson and Braddok, 1973). 
However, the yield of the overflow was not always in agreement with the 
reduction in viscosity because the previous results indicated that P10 
action yielded less overflow while its action led to a significant reduction 
in the viscosity in comparison with PX and PR. Moreover, the effect of 
heat on the underflow viscosity was investigated in the range of 25-65°C 
to compare the reduction in viscosity obtained by subjecting the underflow 
to pectolytic enzymes at these temperatures. The viscosity behaviour 
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Fig. 6.10 Viscosity of Sufri date underflow treated 
with pectolytic enzymes 
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indicated (Fig 6.11) there was a significant reduction of the viscosity of 
the underflow but the overflow was less than with enzyme treated ones, 
indicating that the reduction in viscosity was not always accompanied by 
an increase in the overflow without using a mechanical force such as 
pressing. The reduction in viscosity as affected by thermal treatment 
was high at low temperature but the reduction range narrowed at the 
higher ones. At a concentration of 0.10% (w/w) pectolytic enzyme to the 
underflow of date, pure pectolytic enzymes were incubated at 30°C to 
observe the effect of individual enzymes on the viscosity of the 
underflow. It was found that (Fig 6.12) pectolyase liquefied the underflow 
more than pectinase and pectinesterase. This result is in agreement with 
other workers (Chapter Three) Moreover, the reduction in viscosity was 
in agreement with the increase in the overflow. To differentiate between 
effects of acidity and alkalinity, the pH of the underflow was adjusted 
within the range 3.0-11.0 with citric acid or NaOH. The results (Fig 6.13) 
indicated that acidity reduced the viscosity up to pH 5.0 then had little 
effect beyond that, but when the pH reached above 7.0 the viscosity 
started to decrease again until it reached the minimum value at pH 11.0. 
Visual observation showed changes in the colour of the underflow as an 
indication of extreme browning occurring as a result of sugar changes. 
The probable reason for the reduction in viscosity at both acidic and 
alkaline pH could be some hydrolysis that took place. However, this 
reduction in viscosity did not result in a significant increase of the 
overflow yield but the effects were related to the pectolytic enzyme 
actions which can be seen more clearly by comparing the overflow yield 
of both controls and treated sample. 
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Fig. 6.11 Viscosity behavior of Sufri date underflow 
at different temperatures 
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Fig. 6.12 * Viscosity of Sufri date underflow 
treated with pure pectolytic enzymes 
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Fig. 6.13 The effect of pH on Sufri date underflow viscosity 
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- CHAPTER SEVEN - 
SUGAR ANALYSIS AND EVALUATION 
7.1 INTRODUCTION 
7.1.1 Glucose-fructose mixture curve analysis 
Principle: As a result of invertase activity during date 
maturation, Sufri dates at the Tamar stage contain glucose and fructose 
in almost equimolar ratio (Sawaya et al., 1982; Sawaya et al., 1983b). 
Therefore, an exactly fixed amount of anhydrous glucose and fructose 
(1 :1 ratio) was mixed in distilled water to create a solubility curve (Fig 
7.1) which will be used to predict and determine reducing sugar contents 
of date overflow. When RI values are known, sugar content can be 
determined using a simple computer programme and a comparison can be 
made with enzymic and Hplc analysis. 
7.1.2 Enzymic analysis 
Principle: Glucose and fructose can be phosphorylated to 
glucose-6-phosphate (G-6-P) and fructose-6-phosphate (F-6-P) as products 
of the reaction of hexokinase (HK) in the presence of adenine triphosphate 
(ATP). 
HK 
Glucose + ATP c-- G-6-P + ADP 
HK 
Fructose + ATP .. F-6-P + ADP 
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Fig. 7.1 
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The enzyme G-6-P dehydrogenase (G-6-PDH) catalyses the 
oxidation of G-6-P by nicotinamide-adenine-dinucleotide phosphate (NADP) 
to gluconate-6-phosphate with the formation of the reduced nicotinamide- 
adenine-dinucleotide phosphate (NADPH). 
G-6-P G-6-PDH gluconate-6-P + NADPH + H+ 
The amount of NADPH is equivalent to the amount of G-6-P and 
hence to the original glucose concentration. After the completion of the 
above reaction F-6-P is converted to G-6-P by the enzyme phosphoglucose 
isomerase (PGI). 
F-6-P PGI G. 6. P 
The G-6-P reacts in turn with NAPD in the formation of 
gluconate-6-P and NADPH. The increase in NADPH is equivalent to the 
amount of F-6-P. These reactions can be determined spectrophoto- 
metrically at 340 nm. 
7.1.3 High performance liquid chromatography (Hplc) 
Principle: Chromatographic separations use an adsorbant, for 
instance alumina or silica; packed into a column which is eluted with a 
suitable liquid. The, sample mixture to be separated is introduced at the 
top of the column and washed through the column by the eluting liquid 
and detected using a detector (Hanai, 1986; Hicks, 1988; Snyder et al., 
1988). Strong or weak adsorption can be used to separate components on 
the solid. which is called adsorption chromatography. Another type of 
separation called partition chromatography takes place when a liquid 
stationary phase is coated onto a fine particle inert support and the 
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separation is due to differences in the partition coefficient of solutes 
between the stationary liquid phase and the liquid mobile phase. 
When the stationary phase is relatively polar and the mobile phase 
relatively non-polar, the separation is normal phase whilst reverse phase 
separation uses a non-polar stationary liquid phase and a polar mobile 
phase. 
In ion-exchange chromatography, the, stationary phase is an ion- 
exchange material, usually a resin, and separations are governed by the 
strength of the interaction between ions -and the exchange sites on the 
resin. 
In size exclusion chromatography the stationary phase is a wide 
pore gel that can separate molecules on the basis of their size and shape; 
the largest molecules are excluded from the gel pores while the small 
ones are not, and separation occurs as the larger molecules pass through 
the column more quickly. 
Basic units of Hplc: The identification of overflow components 
(mainly date overflow sugars) requires use of Hplc because other methods 
that are used to analyse sugars are laborious and time consuming. In 
addition the Hplc technique is more specific and precise (Macrae, 1980, 
1981; Henchen et al., 1985). Hplc consists of a high pressure pump(s) and 
a supply of mobile phase, a column packed with suitable stationary phase 
and an injection unit for introducing samples either directly on the column 
or via a valve (a holding-loop). Finally, in-line detectors which are 
different types for different purposes such as the ultraviolet detector, the 
fluorescence, detector and the flame-ionisation detector. ' The most 
commonly used is the differential refractometer. From these detectors a 
signal is displayed usually on a chart recorder with integrator to calculate 
peak height, areas and retention times (Fig 7.2). 
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Fig. 7.2 Diagram of a High Pressure 
Liquid Chromatography 
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7.2 EXPERIMENTAL MATERIALS AND METHODS 
As described in Chapter Four. 
7.3 RESULTS AND DISCUSSION 
7.3.1 Physical treatment 
7.3.1.1 Glucose-fructose curve analysis 
A glucose-fructose curve to analyse total reducing sugars in date 
overflow was implemented. The results (Table 7.1,7.2) were in agreement 
with soluble solid contents of the overflows with respect to the extraction 
ratio. By increasing the extraction ratio, sugar content of the overflows 
was apparently decreased. However, in the actual overflows obtained, 
sugar contents decreased according to the decrease in extraction ratio, 
but higher ratios were diluted and the difference was in the range of 2% 
between the last three ratios. For serial extractions, it appeared that 
using three-fold volumes of the extractant to date followed by 1: 1 ratio 
yielded a reasonable amount of sugars. Because the temperature of the 
refractometer had to be maintained using a water bath at 20°C and 
because of the fluctuation during the reading, variation could be found 
between the sample and the cell, but this was at a minimum. However, 
glucose-fructose curve analysis as it only determined total sugars was not 
used for further analysis of reducing sugars. 
7.3.1.2 Enzymic analysis 
The analysis was performed using a glucose /fructose test- 
combination (Section 4.2.2.5.1) and the results (Table 7.3,7.4) showed that 
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Table 7.1 Glucose fructose curve analysis of reducing sugar 
contents of a single physically treated Sufri 
date overflow 
Sample 
Total reducing sugars 
Percentage Actual Theoretical 
1: 2 F 26.16 14.91 20.93 
1: 2.5 F 25.38 18.53 25.38 
1: 3 F 20.79 19.54 24.95 
1: 4 F 16.70 21.04 26.72 
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Table 7.2 Glucose-fructose curve analysis of reducing sugar 
contents of series physically treated Sufri 
date overflow 
Sample 
Total reducing sugars 
Percentage -- -. Actual Theoretical 
1: 2 S' 14.03 12.07 11.22 
1: 2.5 S 7.48 7.85 7.48 
1: 3 S 6.78 7.06 8.14 
1: 4 S 6.07 7.65 9.71 
1: 3: 27.03 5.41 5.62 
1: 3: 21 6.38 2.87 2.55 
1: 3: 1 11.93 5.37 4.77 
1: 3 FF 20.95 19.48 25.14 
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Table 7.3 Enzymic analysis of reducing sugar contents of a 
single physically treated Sufri date overflow 
g/ml juice Total (w/v) 
Sample 
Fructose Glucose Percentage Actual Theoretical 
1: 2 F 0.1330 0.1170 25.00 14.25 20.00 
1: 2.5 F 0.1270 0.1200 24.70 18.03 24.70 
1: 3 F 0.1012 0.0888 19.00 17.86 22.80 
1: 4 F 0.0751 0.0730 14.81 18.66 23.70 
189 
Table 7.4 -Enzymic analysis of reducing sugar contents of series 
physically treated Sufri date overflow 
Sample 
g/ml juice Total (w/v) 
Fructose Glucose Percentage Actual Theoretical 
1: 2 S 0.0702 0.0700 14.02 12.21 11.30 
1: 2.5 S 0.0477 0.0460 9.37 9.84 9.37 
1: 3 S 0.0480 0.0464 9.44 11.80 11.33 
1: 4 S 0.0382 0.0372 7.54 10.78 12.06 
1: 3: 20.0340 0.0432 7.72 5.94 6.18 
1: 3: 2: 1 0.0250 0.0320 5.70 2.57 2.28 
1: 3: 10.0410 0.0682 10.92 4.91 4.37 
1 :3 FF 0.0920 0.1101 20.21 18.80 24.25 
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enzymic analysis of reducing sugars in date overflows were lower than 
glucose-fructose curve analysis. However, this type of analysis requires 
inexpensive and less sophisticated equipment and can be used for routine 
analysis during date processing. Furthermore, Ivin (1980) stated that 
enzymic analysis of sugars was specific in comparison with the chemical 
method. However, it was time consuming and subject to several variables; 
for instance, the temperature during analysis needs to be maintained at 
25°C in the spectrophotometer which is difficult with the available 
equipment. In addition, dates contain substantial amounts of tannins and 
phenolic compounds which could lead to a lower result because of their 
effects on enzyme activity. Thus enzyme analysis was not used for the 
analysis of reducing sugars in the present work. 
7.3.1.3 High performance liquid chromatography analysis 
The type of packing material has a great effect on the separation 
mode of individual sugars. An ion-exchange column has been used to 
separate and identify sugars in mixtures (Saunders, 1968; Engel and 
Olinger, 1979; Charles, 1981; Abeydeera, 1983). The resolution on anion- 
exchange resins was good but the system is difficult to maintain and the 
retention time is long. For these reasons, U-Bandapack /Car bohydr ate 
Column was used for its practicality and longer life and shorter retention 
time (Conard and Palmer, 1976; Wilson et al., 1981). 
Determination of sugars by Hplc requires detection after their 
elution and the two most commonly used systems are ultraviolet detectors 
and differential refractive index. However, the former needs a very low 
wavelength (Binder, 1980) which is very hard to achieve and maintain and 
requires high purity solutions which will need clarification, which is time 
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consuming. Therefore, a differential refractometer was used to avoid or 
to minimise the above difficulties. 
To determine the optimal proportion of mobile phase mixture, 
Betteridge et al. (1984) found that 75: 25 acetonitrile/water was suitable 
for sugar separation. However, the ratio of 80 : 20 was used in the 
present work in order to reduce the amount of acetonitrile used and a 
good resolution was obtained. Filtration and degassing of the mobile 
phase was done to avoid sedimentation of acetonitrile and air inter- 
ference. 
At a rate of 1.0 ml/min the column life was expected to be longer 
and good separation was achieved with a reasonable retention time in less 
than 10 minutes. Furthermore, the recovery of sugars was tested as well 
as the repeatability and the results (Table 7.5) were good and comparable 
with previous work (Ivin, 1980; Wight and Niekerk, 1983). In this study 
fructose and glucose were added into the sample and recovery was 
calculated by difference which gave yields of 95% and 97% for fructose 
and 96% and 98% for glucose. These results were in agreement with the 
findings of Wight and Niekerk (1983) except that the glucose gave lower 
recovery than fructose in their results. This difference could be due to 
the type of the column packing materials. 
Using different ratios of date to water individual reducing sugars 
were determined by observing the retention times. Fructose was eluted 
first because it was less reactive with the packing materials which is 
related to the number and the steric position of its hydroxy functional 
groups compared to glucose. 
It was found that an injection volume of 5 p1 was suitable for 
resolution of the sample peaks. However, the calculation was made by 
comparing standard peaks with the sample peaks. The results (Table 7.6, 
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Table 7.5 Repeatability and recovery of reducing sugars under 
the experimental conditions 
Repeatability 
Added % (w /v) Recovered %% recovery 
Fructose Glucose Fructose Glucose Fructose Glucose 
1110.95 0.96 95 96 
2221.94 1.96 97 98 
3110.95 0.96 95 96 
4221.94 1.96 97 98 
5110.95 0.96 95 96 
6221.94 1.96 97 98 
7110.95 
, 
0.96 95 96 
8221.94 1.96 97 98 
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Table 7.6 Reducing sugar contents of physically treated Sufri 
date overflow at different ratios (date/water) and 
single extraction 
Sample 
g/ml juice Total (w/v) 
Fructose Glucose Percentage Actual Theoretical 
1: 2 F 0.1334 0.1175 24.89 14.19 19.91 
1: 2.5 F 0.1273 0.1215 24.88 18.16 24.88 
1: 3 F 0.1017 0.0898 19.15 18.00 22.98 
1: 4 F 0.0757 0.0733 14.90 18.77 23.84 
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Table 7.7 Reducing sugar contents of physically treated Sufri 
date overflow at different ratios (date/water) and 
series extraction 
Sample 
g/ml juice Total (w/v) 
Fructose Glucose Percentage Actual Theoretical 
1: 2 S 0.0802 0.0716 15.18 13.05 12.14 
1: 2.5 S 0.0482 0.0466 9.48 9.95 9.48 
1: 3 S 0.0483 0.0468 9.51 11.89 11.41 
1: 4 S 0.0388 0.0376 7.64 10.93 12.22 
1: 3 FF 0.0925 0.1106 20.31 18.89 24.37 
132 0.0342 0.0436 7.78 5.99 6.22 
132: 1 0.0312 0.0363 6.75 3.04 2.70 
1': 3: 1 0.0514 0.0687 12.01 5.41 4.80 
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7.7) showed that fructose and glucose levels in the overflows produced by 
higher extraction ratios (date/water) was lower on a percentage basis 
while the actual overflows obtained and levels of these two sugars were 
high, indicating that use of high ratios of the extractant produces more 
sugar. However, the volume of overflow needs to be considered if the 
overflow is to be concentrated for sugar production. However, serial 
extractions were required to obtain more of these sugars in the overflow 
and make the underflow practical for other uses such as a pectin recovery 
and protein-extraction because interference by the reducing sugars would 
be at a minimum. 
Increasing the ratio of the extractant from two-fold to four-fold 
resulted in an increase of sugar in the total overflow obtained of about 
4.58 g (w/v). However, in serial the extraction using 1: 3: 2 yielded the 
highest overflow obtained as well as sugar content. Furthermore, the 
ratio of glucose to fructose was almost 1: 1 in all ratios extracted 
overflows. 
7.3.2 Enzymic treatment 
Using only the ratio of 1: 3 (date/water), the overflow extracted 
by different concentrations of commercial pectolytic enzyme preparations 
were conducted. The results (Table 7.8) indicated that UL and PR 
preparations increased the level of reducing sugars recovered as a result 
of breaking down the date cell wall. However, PX showed no effect on 
the overflow content in regard to these sugars while its action on 
increasing the overflow was comparable with UL and better than PR. 
This could be due to the fact that this preparation contains a stimulating 
factor or macerase activity (Chapter Six). There was no significant 
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Table 7.8 Reducing sugar contents of pectolytic enzyme 
preparations of Sufri date overflow at different 
concentrations (enzyme/date underflow % w/w) 
Sample 
g/ml juice g/100 ml juice 
Fructose Glucose Total 
01550 C 0.0839 0.0952 17.91 
01550 PA 0.0918 0.1026 19.44 
01550 PX 0.0926 0.1026 19.44 
01550 UL 0.1276 0.1385 26.61 
" 01550 PR ý 0.0993 0.1163 21.56 01550 P10 0.0931 0.1135 20.66 
03550 C 0.0853 0.0904 17.57 
03550 PA 0.0857 0.0985 18.42 
03550 PX 0.0895 0.0936 18.31 
03550 UL 0.1175 0.1289 24.64 
03550 PR 0.1048 0.1167 22.15 
103550 P10 0.1042 0.1220 22.62 
05550 C 0.0855 0.0875 17.30 
05550 PA 0.0855 0.0966 18.21 
05550 PX 0.0864 0.0900 17.64 
05550 UL 0.1138 0.1226 23.64 
05550 PR , . 
0.0987 0.1018 20.05 
05550 P10 0.1042 0.1220 22.62 
07550 C 0.0815 0.0896 17.11 
07550 PA 0.0889 0.0942 18.31 
07550 PX 0.0967 0.1015 19.82 
07550 UL 0.1330 0.1442 27.72 
07550 PR 0.1315 0.1493 28.08 
. 07550 P10 0.1111 0.1217 23.28 
10550 C 0.0941 0.0933 18.74 
10550 PA 0.1095 0.1133 22.28 
10550 PX 0.1097 0.1265 23.62 
10550 UL 0.1317 0.1344 26.61 
10550 PR , 
0.1174 0.1252 24.26 
10550 P10 0.1162 0.1175 23.37 
The first two digits are enzyme concentrations (w/w of enzyme 
to date underflow, as a percantage x 10- ) 
The third digit is incubation time 
The last two digits are incubation temperature (°C) 
197 
difference between the different concentrations of these enzymes in 
relation to the reducing sugar contents of the overflow. Furthermore, the 
glucose /fructose ratio was higher than with the physical treatment with 
little variation. This could be due to' the release of more glucose than 
fructose as a result of pectolytic enzyme action or could be due to 
operational conditions (column temperature, detector cell or mobile phase). 
However, Albersheim et al. (1967) found that using trifluoroacetic acid to 
break down pinto-bean cell wall at a high temperature (121°C) for various 
times (hours) resulted in the release of glucose more than fucose. This 
finding was comparable with the present work although the temperature 
they used was higher. 
With respect to the incubation temperature the results (Table 7.9, 
7.10 and 7.11) indicated that UL and PR were still more active in 
producing slightly greater amounts of the reducing sugars in the overflow 
at 30,40 and 50°C. However, the variation of sugar content of the 
overflow as a result of the action of all pectolytic enzyme preparations 
was not significant and could be due to the sample preparation or to the 
date variety itself. Timpa and Burke (1986) stated that variation in 
organic acid and carbohydrate during Hplc analysis can be expected due 
to differences in variables such as variety, age of the plant and growing 
conditions. Concerning incubation temperatures, the highest values of 
sugar content of the overflow were obtained at 40°C for the most active 
pectolytic enzyme preparations. At 50°C a reduction was observed which 
could be due to the acceleration of enzyme activity which resulted in 
rapid transformation of some of the substrate leading to inhibition of 
enzymes by their products. Denaturation at these temperatures is not 
likely as the denaturation temperature is considered to be above 70°C. 
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Table 7.9 Reducing sugar contents of pectolytic enzyme 
treated Sufri date overflow at 30°C for 
different incubation times 
Sample 
g/ml juice g/100 ml juice 
Fructose Glucose Total 
101 C 0.0983 0.0991 19.04 
101 PA 0.0993 0.1071 20.64 
101 PX 0.0993 0.1096 20.89 
101 UL 0.0960 0.1120 20.80 
101 PR 0.0987 0.1112 20.99 
101 P10 0.0933 0.1018 19.51 
103 C 0.0954 0.1055 20.09 
103 PA 0.0977 0.1067 20.44 
103 PX 0.0992 0.1082 20.74 
103 UL 0.0992 0.1094 20.86 
103 PR 0.0982 0.1093 20.75 
103 P10 0.0981 0.1091 20.72 
105 C 0.0924 0.1046 19.70 
105 PA 0.0983 0.1093 20.76 
105 PX 0.0993 0.1115 21.08 
105 UL 0.1032 0.1146 21.54 
105 PR 0.1088 0.1146 21.54 
105 P10 0.0968 0.1105 20.73 
The three digits are concentration and incubation time (see Table 7.8) 
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Table 7.10 Reducing sugar contents of pectolytic enzyme 
preparations of treated Sufri date overflow 
at 40°C for different incubation times 
Sample 
g/ml juice g/100 ml juice 
Fructose Glucose Total sugars 
101 C 0.0916 0.0959 18.75 
101 PA 0.0901 0.0998 18.99 
101 PX 0.0953 0.1098 20.51 
101 UL 0.1152 0.1284 24.36 
101 PR 0.0998 0.1130 21.28 
101 P10 0.0896 0.1008 19.04 
103 C 0.0953 0.0967 19.20 
103 PA 0.0957 0.0994 19.51 
103 PX 0.0983 0.1015 19.98 
103 UL 0.1334 0.1404 27.38 
103 PR 0.1052 0.1097 21.49 
103 P10 0.1066 0.1076 21.42 
105 C 0.0917 0.1081 19.98 
105 PA 0.1016 0.1037 20.53 
105 PX 0.1053 0.1087 21.40 
105 UL 0.1380 0.1408 27.88 
105 PR 0.1125 0.1163 22.88 
105 P10 0.1085 0.1104 21.89 
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Table 7.11 Reducing sugar contents of pectolytic enzyme 
preparations of treated Sufri date overflow 
at 50°C for different incubation times 
Sample 
Fructose Glucose Total sugars 
g/ml juice g/100 ml juice 
101 C 0.0855' 0.1028 18.83 
101 PA 0.0884 ": 0.1002 18.86 
101 PX 0.0932 0.0988 19.20 
101 UL 0.0945 0.1085 20.30 
'101 PR 0.0960 0.1048 20.08 
101 P10 0.0880 0.1041 19.21 
103 C 0.0902 0.1118 26.20 
103 PA 0.0964 0.1110 20.70 
103 PX 0.1016 0.1148 21.64 
103 UL 0.1012 0.1295 23.07 
103 PR 0.1057 0.1242 22.99 
103 P10 ` 0.0948 0.1246 21.94 
105 C 0.0879 0.0972 18.51 
105 PA 0.0926 0.1013 19.39 
105 PX 0.0918 0.1026 19.44 
105 UL 0.1076 0.1285 23.61 
105 PR 0.0993 0.1163 21.56 
105 P10 0.0931 0.1135 20.66 
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Increasing the incubation times had little or no effect on the 
release of more reducing sugars in the overflow which could be related to 
the reduction in solubility in that medium or could be related to 
reabsorption by underflow particles. 
After short incubation times (Table 7.12), the variation between all 
pectolytic enzyme preparations in relation to the reducing sugar contents 
of the overflow was still at minimum but the sugar content was lower at 
10 min incubation because of the reduction in the exposure period of the 
underflow to the extractant. Moreover, the sugar contents of the 
overflow resulting from the samples treated at 20 and 30 min was within 
the range of, the previous ones treated for a longer time. However, UL 
and PR preparations were still the most effective even at the shortest 
incubation time (10 min) in comparison with the other pectolytic enzyme 
preparations. 
Treating the underflow with pure pectolytic enzymes showed 
(Table 7.13) that the reducing sugar contents of the overflows were higher 
than the controls at their optimum pH levels. However, pectolyase 
showed a slightly higher release of these sugars followed by pectinase. 
Therefore pectolyase had higher activity than both pectinase and 
pectinesterase and also it produced a higher juice yield (Chapter Six). 
This indicated that the specificity of the enzyme to the substrate was 
significant in the production of the required products defined as juice 
yield and sugars release. Furthermore, the sugar contents released in the 
overflow as a result of pure pectolytic enzymes were in the range found 
in the previous results for the commercial preparations. The influence of 
pH was determined by observing the controls at the optimum pH level and 
indicated the release of reducing sugars were higher at pH 4.0 which 
could be due to the effect of acid. 
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Table 7.12 Reducing sugar contents of pectolytic enzyme 
preparation treated Sufri date overflow 
under short incubation times 
Sample 
g/ml juice g/100 ml juice 
Fructose Glucose Total sugars 
1010M30 C 0.0712 0.0984 16.96 
1010M30 PA 0.0784 0.0984 17.68 
1010M30 PX 0.0803 0.1021 18.24 
1010M30 UL 0.0816 0.1105 19.21 
1010M30 PR 0.0828 0.1043 18.71 
1010M30 P10 0.0812 0.1017 18.29 
1020M30 C 0.0883 0.1034 19.17 
1020M30 PA 0.0888 0.1037 19.25 
1020M30 PX 0.0920 0.1102 20.22 
1020M30 UL 0.0919 0.1120 20.39 
1020M30 PR 0.0932 0.1097 20.29 
1020M30 P10 0.0946 0.1115 20.61 
1030M30 C 0.0892 0.1067 19.57 
1030M30 PA 0.0890 0.1074 19.64 
1030M30 PX 0.0908 0.1101 20.09 
1030M30 UL 
1030M30 PR 
1030M30 P10 0.0920 0.1109 20.29 
The first two digits are enzyme concentr9tions (w/w of enzyme 
to date underflow, as a percentage x 10 ) 
The second two digits are incubation time 
The last two digits are incubation temperature (°C) 
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Table 7.13 Reducing sugar contents of pectolytic enzyme 
treated Sufri date overflow at different pH 
g/ml juice g/100 ml juice 
Sample 
Fructose Glucose Total sugar 
10530 pH 4.0 0.0908 0.1133 20.41 
10530 pH 5.5' 0.0885 0.1079 19.64 
10530 pH, 7.5 0.0885 0.1087 19.72 
10530 PN 0.0916 0.1122 20.28 
10530 PL 0.0916 0.1120 20.36 
10530 PE 0.0908 0.1107 19.15 
PN = pectinase 
PL = pectolyase 
PE = pectinesterase 
Other parameters as described in Table 7.8 
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Testing the four ratios of underflows treated with pectolytic 
enzyme preparations, the results (Table 7.14) showed that the UL 
preparation was the most active in releasing the reducing sugars in the 
overflow at 1: 2 and 1: 3 ratios. At a ratio of 1 :4 PR released more 
glucose than UL, however, the difference between these pectolytic enzyme 
preparations was not significant. However, by comparing the two ratios 
(1: 3 and 1: 4) which produced more overflows, the 1: 3 ratio produced 
higher sugars when treated with pectolytic enzymes than 1: 4 indicating 
the practicality of the former. This could be due to the fact that more 
solid was retained after the physical treatment. 
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Table 7.14 Reducing sugar contents of pectolytic enzyme 
treated Sufri date overflow at different ratios 
(date underflow/water) 
Sample 
g/ml juice g/100 ml juice 
Fructose Glucose Total sugars 
1: 210350 C 0.1218 0.1588 28.06 
1: 210350 PX 0.1227 0.1644 28.71 
1: 210350 UL 0.1304 0.1688 29.92 
1: 210350 PR 0.1237 0.1664 29.01 
1: 2.510350 C 0.1002 0.1284 22.86 
1: 2.510350 PX 0.1024 0.1318 23.42 
1: 2.510350 UL 0.1115 0.1296 24.11 
1: 2.510350 PR 0.1045 0.1303 23.48 
1: 410350 C 0.0754 0.0890 16.44 
1: 410350 PX 0.0754 0.0919 16.73 
1: 410350 UL 0.0767 0.0975 17.42 
1: 410350 PR 0.0844 0.0892 17.36 
The first two digits are ratio (date/water) 
The second two digits are enzyme concentration (w/w for enzyme 
to date underflow, as a percentage x 10-2) 
Other parameters are as in Table 7.8 
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- CHAPTER EIGHT - 
GENERAL DISCUSSION AND CONCLUSION 
8.1 INTRODUCTION 
The date is considered a raw material worthy of investigation 
because of its location, and little information is available about its 
composition and uses other than for direct consumption or packing for 
transportation (Chapter One). The scarcity of available information about 
the Sufri date variety in particular (Chapter Four) necessitates a con- 
ventional study as a basis for further research (future work). 
8.2 CHEMICAL COMPOSITION 
The chemical composition of Sufri date shows it to contain mainly 
sugars which reach up to 77.0% solubility in water (Chapter Four). 
However, this high solubility was not easy to obtain but required major 
changes physically (Chapter Five) and enzymically (Chapter Six) because 
of the nature of dates. 
In the underflow, protein/amino acids and pectin were present in 
small amounts but they can be utilised as by-products for human 
consumption and for animal feed. 
In the overflow, some amino acids were found in significant 
amounts, which should be considered when sugars need to be concentrated 
because of their interference and reaction with reducing sugars. However, 
the distribution of amino acids in the overflow as a result of processing 
is not always a problem, in particular when the overflow is consumed as 
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a soft drink or as syrup (dibs) because of the nutritional value. Pectin, on 
the other hand, was found in small amounts, but it can be used as one of 
the ingredients in date-jam or jellies. However, the use of pectolytic 
enzymes led to a, decrease in pectin as a result of date cell wall 
breakdown. 
8.3 . PHYSICAL TREATMENT 
At the designated temperatures (20-60°C) there was little increase 
in the soluble solids, indicating that this range of temperatures was not 
enough to rupture hydrogen bonds. Where combinations of time and 
temperature were used, soluble solids were increased slightly at 30 min 
(Chapter Five). Over this temperature range it was expected that no 
protein denaturation would occur but tissue softening was observed 
(Chapter Six). 
The nature of Sufri date as a soft fruit, sticky and to some extent 
pectinous, requires physical and pectolytic enzyme treatments to rupture 
its cell wall to release its constituents into the overflow. Physical 
treatment of date pieces was carried out by subjecting pieces to forces 
(blending and shaking) with/without mild heat (60°C as maximum) at 
incubation time up to 30 min in order to reduce particle size and release 
more of their contents in the overflows. Different ratios of date/water 
were used, and by measuring soluble solids and sugars (Chapters Five and 
Seven) there was an increase in both in the overflows. By observing the 
effect of different ratios of the extractant, it appeared that, using a 
lower ratio, the soluble solids and sugars of the overflow were increased 
(expressed as a percentage). However, in the actual overflow obtained 
soluble solids and sugars were increased for the larger extractant ratios 
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(Fig. 8.1). This indicates the suitability of higher ratios for extraction. 
In addition, the lower ratio of the extractant yielded less overflow with 
high turbidity which requires more effort in clarification, but this 
overflow can be used as date syrup (dibs) which is a well known product 
in the date producing countries (Chapters One and Two). The ratio of 
1: 3 was found to be most practical (Chapter Five) and produced more 
juice yield which could be used for reducing sugar production (Fig. 8.2). 
The higher "ratio of the extractant gave a diluted overflow which could 
require more energy to obtain the sugars in a concentrated form. 
Generally, physical treatment was easily conducted and required a short 
time to complete (however, to extract more of the retained soluble solids 
including sugars in the underflows requires serial extractions). Serial 
extractions were made at lower ratios and it was found that using 1: 3: 1 
yielded 27.14% w/v and 24.90% w/v soluble solids and sugars respectively 
with an efficiency of juice yield of 86.9% (Fig. 8.3). However, the ratio 
of 1: 3: 2: 1 gave lower soluble solids and sugars and it was more diluted 
despite the high efficiency of juice yield which reach 90%. Moreover, 
using a second extraction with the same ratio was not useful because it 
was too diluted except at the lower ratio of the extractant, for instance, 
ratio 1: 2 (date/water). 
8.4 ENZYMIC TREATMENT 
Physical treatment was not optimal for releasing more of the 
overflows retained in the underflows, because dates are soft fleshy fruits. 
The underflows treated with pectolytic enzymes resulted in an increased 
sugar content in the overflows as a result of breaking down of date cell 
walls (Fig. 8.4). The juice yield was increased significantly which led to 
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Fig. 8.1 Soluble solid and sugar contents of physically 
treated Sufri date overflow 
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Fig. 8.2 Soluble solid and sugar contents of physically 
treated Sufri date overflow serial extraction 
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Fig. 8.3 The efficiency of juice yield from physically treated Sufri 
date at different ratios : single and serial extractions 
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Fig. 8.4 Sugar content of enzymically treated 
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higher efficiency of the extraction, for example, the efficiency of juice 
yield increased from 71.3% at the ratio of 1: 2 to 87.5% using PX and 
88.6% using UL preparations (Fig. 8.5). The use of 0.03% (w/w) of 
pectolytic enzymes was sufficient to produce a high juice yield. Pure 
pectolytic enzymes were used to specify the desirable class to treat date 
pectin (Chapter Three). Pectolyase was found to be the most effective on 
date pectin in comparison with the other two types (Chapter Six) in 
releasing more overflow. Because commercial pectolytic enzymes are 
composed of different enzymes, knowledge of specificity is important to 
select the right type in order to release more overflow, but the cost 
needs to be considered. Therefore a commercial enzyme mixture with a 
high proportion of pectolyase activity would be best. 
8.5 CONCLUSION 
Sufri date is sweet, and it is apparently easy to release its 
sweetness (sugars) in water. However, this work was conducted to obtain 
high soluble solids in the overflow and to maintain the underflow quality 
by subjecting date pieces to mild conditions. The results indicated that 
it was more complicated than at first thought. Thus, physical treatment 
was conducted by applying force to reduce date piece particles in the 
medium (water) at different ratios in order to release their major 
constituent in the overflows. This was only successful to a certain extent 
because dates are soft and the presence of pectin creates an osmotic 
pressure which makes these constituents difficult to release. To release 
the overflow retained by the underflow, commercial pectolytic enzymes 
were used under different conditions. Some types were found to be 
effective in releasing more overflows in volume terms but to a certain 
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Fig. 8.5 The efficiency of juice yield of enzymically treated 
Sufri date at different ratios 
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extent were less effective in increasing the soluble solid content of the 
overflow. However, the increase of the overflow and sugars was achieved 
at low concentration 0.03% (w/w) and short incubation times and low 
temperatures, and met the criteria of more overflow and high quality 
underflow. 
Pure pectolytic enzymes were used and it was found that date 
pectin was most susceptible to pectinlyases but requires further study to 
establish the most suitable conditions for use. Generally, water was not 
the best solvent to extract sugars unless longer times are allowed 
(solubility test) which could allow deterioration unless some preservative 
is used. This is not desirable in processing for two reasons; health 
concerns which can be overcome by selecting a safe preservative and 
secondly more cost will be added to the end products. However, water is 
cheaper than ethanol (which is more effective than water to extract 
sugars) and more suitable for use in a developing country, and can be 
recycled in the arid lands. Furthermore, the use of a higher ratio than 
1: 3 gives a diluted overflow and a lower ratio is less effective in 
releasing the overflow. The use of a 1: 3 ratio followed by a second 
extraction at a lower ratio (for example 1: 3: 1) had some advantage in 
comparison with other ratios if only physical treatment was used. 
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Suggestions for further work 
1) Variety . used: Sufri dates require more 
investigation, especially 
with respect to cell wall components and in particular pectins. Further 
work should investigate the physico-chemical properties and histology to 
locate the date pectins to enable easy and efficient use of pectolytic 
enzymes. Studies should highlight the role of pectin in food processing 
and its use as an ingredient in date jam manufacture and other foods. 
From the results obtained (Chapter Four) there was a large 
variation in the physical properties of Sufri dates which required further 
study, in relation to the effect of composition on these properties to aid 
in designing processing lines and equipment according to date grades. 
2) The overflow: Dehydration of the overflow extracted by the 
methods outlined in this thesis needs to be assessed for sugar production. 
A study should be based on a comparison of dehydration methods which 
could be suitable " for date overflow, for instance, use of membranes, 
evaporation and spray drying, particle problems to be addressed on the 
studies of the overflow and the relative processing costs of each method. 
Clarification of date overflow could be done by pectolytic enzymes in 
combination with suitable ion-exchange chromatography to separate sugars. 
The cost and appropriate conditions for use of these enzymes should be 
assessed. The use of immobilised enzymes should be included in this 
investigation. 
3) Alcohol production: In order to improve the release of sugars in 
the overflow as a result of the physical changes, a certain ratio of 
alcohol (ethanol) may be beneficial in the water, but the supply of alcohol 
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in developing countries should be considered in addition to cost and 
recycling. Since date overflow contains almost equimolar amounts of 
glucose and fructose, fructose can be produced separately and glucose can 
be converted to alcohol. This alcohol can be used for date sugar 
extraction, therefore date processing could be self sufficient in alcohol. 
4) Chemical and physical investigation of date overflow glucose and 
fructose and their roles in food systems: The properties of these two 
sugars necessitate study, particularly at temperatures other than those 
used in this work. 
5) Date underflow: A study of the effect of physical and pectolytic 
enzymes on date underflow using particle size measurement (with other 
solvents than that used in this study), scanning electron microscopy and 
chemical analysis for date cell wall components could be worthwhile. 
6) Date pits: A by-product eliminated during flesh processing. The 
study of their fatty acid profile, amino acids, fibres, minerals etc. has to 
be considered. In addition, pitting manually is not practical and is costly, 
therefore finding a process suitable for removal of these pits is needed. 
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